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1  Introduction 

The  objective  of  the  research  is  the  application  of  the 
lidar  technique  to  measure  vertical  profiles  of  the 
extinction  coefficient  under  various  types  of  low  visibility 
conditions  such  as  highly  concentrated  dry  aerosol,  wet 
haze,  fog,  and  clouds.  Hlett's  evaluation  method  /I/  for 
lidar  backscatter  profiles  should  be  applied  and  the 
reliability  of  the  results  examined.  For  this  purpose  the 
lidar  measurements  are  supported  by  other  data  like  aerosol 
p.article  size  spectra,  radiosonde  ascents,  transmissometer 
measurements,  and  others. 

2  Description  of  the  lidar  system 

A  mobile  lidar  system  is  used  containing  a  ruby  and  a 
neodymium-glass  laser,  both  used  with  and  without  frequency 
doubling,  allowing  alternating  measurements  in  the 
wavelengths  347,  530,  694  and  1060nm.  The  output  energy  is 
about  1  Joule  in  the  fundamental  and  20mJ  in  the  first 
harmonics,  the  shot  frequency  3  per  minute.  The  receiving 
telescope  is  a  30cm  Cassegrainian  with  2.3m  focal  length.  A 
large-area  pin-diode  with  two-stage  amplifier  is  used  for 
the  detection  of  the  694  and  1060nm  signals  and  a  bialkali 
photomultiplier  tube  (EMI  9813)  for  347  and  530nm.  Complete 
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-earn  overlap  is  achieved  after  100m  range  in  694  and  1060nm 
,-jnc  after  3UUm  in  the  two  other  wavelengths,  the  difference 
Ceing  due  to  the  detector  geometries.  The  receiver  FOV  is 
variable  by  an  iris  stop.  However,  it  is  normally  set  to 
fixed  values  of  4  mrad  for  the  photomultiplier  and  10  mrad 
cor  the  diode  detector,  in  order  to  get  a  non-overlap  range 
as  short  as  possible.  The  reduced  FOV  for  the  photomulti¬ 
plier  tube  is  used  for  background  reduction.  Interference 
filters  with  3nm  soectral  bandwith  (FUHM)  for  347  and  530nm  , 
mounted  in  a  filter  wheel,  serve  the  same  purpose.  Since 
background  luminosity  is  no  problem  with  the  diode  detector, 
this  is  used  without  interference  filters.  However,  neutral 
filters  with  50  and  25%  transmissivity  are  available  to 
reduce  strong  backscatter  signals  from  clouds  and  fog  if 
necessary.  Moreover,  the  amplifier  gain  may  be  reduced  by  a 
'actor  of  10. 


The  received  signals  are  recorded  by  a  Biomation  8100 
transient  digitizer  with  8  bit  amplitude  resolution,  10ns 
minimum  sample  interval  and  2k  bytes  memory  capacity. 
Immediately  after  each  measurement  the  data  are  transferred 
tc  an  on-line  minicomputer  with  32k  core  memory.  This 
comDuter  allcun  the  almost  real-time  display  of  backscatter 
profiles  uhicn  are  corrected  for  background  luminosity, 
°  2  u  a  r  e  i  range.  laser  output  oower  and  input  sensitivity,  on 
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3  display  tube  nml  an  x-y  chart  recorder.  Furthermore, 
automatic  programming  of  the  transient  digitizer  and  change 
□ t  the  detectors  is  done  by  the  computer.  For  final 
evaluation  on  a  larger  computer  the  signals  are  stored, 
together  with  all  housekeeping  data,  on  floppy  discs. 

3  Further  relevant  equipment  available 

3.1  Broadband  transmissameter  system 

Between  the  institute  and  a  neighboring  mountain  peak 

r 

(Kreuzeck,  1650m  above  MSL)  a  slant  transmission  path  with 
19  deg.  inclination  angle  and  2.7km  length  is  operated. 
Along  this  path  the  atmospheric  transmissivity  in  the 
visible  range  (.35-. 9pm)  and  in  the  3-5  (since  summer  1983) 
and  8-12um  IR  ranges  is  measured. 

3.2  Aerosol  spectrometers  and  visibility  recorders 

Optical  particle  counters  (Knollenberg  classical  scattering 
aerosol  spectrometers)  are  used  at  the  institute  and  at  the 
source  end  of  the  transmission  path  (Kreuzeck)  for 
continuous  recording  of  the  aerosol  size  distribution.  The 
visibility  is  measured  at  the  same  3ites  by  AEG-Ruppersberg 
integrating  nephelometers . 
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3.3  Radiosondes 

Profiles  o f  temperature,  humidity  and  wind  speed  and 
direction  are  recorded  by  balloon-borne  radiosondes,  the 
*irst  two  oarameters  also  by  cable  car  sondes. 

4  Listing  of  the  lidar  data 

In  table  4.1  all  the  lidar  data  assessed  under  low 
visibility  conditions  are  listed.  The  first  three  colums 
contain  the  cate,  time  and  number  of  profiles  per  day  (n), 
respectively,  the  latter  without  regard  of  the  wavelength 
used.  Column  4  (tr)  indicates  whether  transmissometer  data 
are  available  (yes/no),  and  column  5  lists  the  visibility 
range  (v)  at  ground  level  during  the  measuring  period, 
recorded  by  the  integrating  nephelometer.  The  last  column, 
'i rally,  gives  a  short  description  of  the  current  weather 
situation  or  atmospheric  conditions.  Measurements  during 
extremely  high  visibility  with  predominant  Rayleigh 
oackscatter,  which  can  serve  for  the  calibration  of  the 
lidar  (6  days  total),  are  not  included  in  the  table. 

-II  measurements  except  the  last  three  were  performed  at  the 

institute,  located  near  Garmisch-Partenkirchen  in  an  alpine 

valley  in  southern  Bavaria.  For  the  last  three  measurement 
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series  3  site  in  3  fiat.  Fen  area,  about  20km  to  the  north 
and  outside  the  mountains,  was  selected,  where  the 
probability  for  the  occurrence  of  ground-based  fog  and 
lew-altitude  stratus  is  higher  than  at  the  institute. 
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in  2S3r  -  '  i  '3  .-nd  b)  an  extinction  coefficient  profile 

c  a  r  i  v  e  •.*  thiu  i  ci  a  r  return,  e.g.  by  Klett'  3  method  uith 

on  e  x  3  itiii  ecu  .''da  ry  value  as  described  formerly  in  this 

euDsect  it"'.  Je  used  backscatter  orofiles  from  an  extremely 
t 1  ear  atmosphere ,  where  dominating  molecular  backscatter 
could  r,  •’  ~  .•  turned ,  for  the  derivation  of  lidar  calibration 

c  3  c  t  c  r  .  T r i 5  oracedure  is  somewhat  uncertain  in  the 
u a v e 1 e n c t n  'GnGnm,  where  Rayleigh  scattering  is  smallest  and 
the  ore  nance  0  ^  aerosol  scattering  can  be  excluded  uith 
.east  security.  however,  it  avoids  the  error  sources 
associ  -tab  with  one  calculation  of  dacxscatter  coefficients 
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1  i h e r t a i  aerosol  data  by  the  M  i  e  theory.  Using 
brat  ion  "actors,  we  derived  C  constants  from  lidar 
nich  were  obtained  on  March  15  and  19,  198^  and 

C\  hlett’s  method  as  described  above.  For  the 
c  :30,  6~’U  and  tOeOnm  we  obtained  for  March  15  the 
•  3C,  .093  and  .0105,  resoectively,  from  8  profiles 

standard  deviations  amounting  to  about  .006.  For 
obtained  .0 23.  .02 0  and  .0112,  respectively, 

chiles  per  wavelength  and  standard  deviations 
u •  Tbe  data  from  the  two  days  differ  up  to  20%. 
at  t  ^  e  twe  days  was  dry  and  well  mixed  by  eddy 
1 r  lidar  orofiles  from  atmospheres  containing 
'cr;  are  treated  in  the  same  manner,  C  ratios  with 
r  —  .  *  t  e  r  i  n  g  are  obtained.  'we  evaluated  a  few 
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:  ri  omo  i:  •_  :i  >’ j  :u  ii  t  uni  3  jji  i  •' re  yith  moderate  optical  thickness, 
ne  orc’liC  was  com Pined  f ron  two  profiles  taken  with 
i  •''»?»  t  receiver  sensitivites  in  order  to  improve  the 
:  v  n  a  m  i  c  range.  Otherwise  the  amplitude  of  the  original, 
i  on -range  -normalized  profile  would  have  dropped  below  the  8 
pit  resolution  limit  of  the  transient  digitizer.  Fig.  6 
presents  a  si  cm3  profile  calculated  by  Klett's  method,  again 
with  an  excerimentai  extinction  coefficient  as  boundary 
'value.  Frcm  this  profile  the  amplitude  at  the  lowest 
utilized®  range  was  now  used  as  boundary  value  for  the 
c  r  w  a  r  c  inversion  method,  and  the  profile  Fig.  7  was 
'chained,  'the  curve  is  obviously  nearly  identical  to  the 
d~tt  srf'ile  rig.  5,  thus  demonstrating  that  the  standard 
r s t h □ c ,  eg.  ( 4  )  ,  may  deliver  correct  results  if  the  optical 
tt!.:<r- 33  of  the  range  interval  is  small  or  moderate  and  if 
■;  realistic  Ooundary  value  is  available. 

already  mentioned  above,  the  derivation  of  the  boundary 
value  f:om  a  calibrated  licar  return  itself  requires  the 
knowledge  of  the  3-6" ratio  or  the  constant  C  in  (1).  This 
ratio  depends  on  the  size  distribution,  refractive  index, 
and  shaoe  of  the  scattering  particles  and  is  thus  not 
constant.  Mulders  / 6 / ,  for  instance,  reports  on  strong 
variations  of  this  ratio  even  within  one  day.  It  is 
possible  to  determine  the  constant  C  from  a)  a  lidar  return 
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cataoat. liinc!  •„  i  •-  n  commonly  occurs  in  mountain  valleys. 
In  the  1  it-j  a  ■'  t  or  n  u  jn  the  layer  increased  in  concentration 
and  decam-;  nemogeneous,  hut  did  not  fill  the  transmission 
cath  comp  Lately .  fig.  4  s h o uj s  spatially  averaged 
extinction  coefficients  derived  from  the  lidar  profiles  in 
the  four  c’yelengths  versus  time,  and  the  transmissometer 
derived  extinction  coefficients.  All  curves  show  the 
ascencing  tendency  which  is  expected  from  the  development  of 
the  aerosol  layer,  especially  toward  the  end  of  the 
measuring  period.  The  transmissometer  values  are  expected 
to  agree  Pest  with  the  530nm  lidar  extinction  data,  hut  we 

f 

see  that  the  farmer  ones  are  distinctly  smaller.  We  then 
derived  the  extinction  coefficients  from  the  integrating 
neoheiometer  data,  i.e.  data  delivered  by  the  visibility 
meter,  and  calculated  again  sigma  profiles  by  Klett's  method 
from  one  53Q  nm  lidar  profiles.  These  data  agree  better 
with  the  transmissometer  derived  extinction  data  than  those 
where  the  hncllenberg  spectrometer  was  used.  Obviously  the 
direct  measurement  by  the  nephelameter  gives  better  results 
thgn  the  indirect  method  used  in  the  particle  spectrometer. 

“S  f i ~ 3 1  c  <  a  m  c  1  e  s  in  this  section  we  present  a  comparison 
sic"’a  crociles  obtained  by  the  backward  (Klett)  and 
• c  r w a  r  •  inversion  method  ,  ea.  (4  ) .  Both  methods  were 
:  •’ t  *  d  a  cackscatter  profile,  shown  in  Fig.  5,  from  an 
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valid  far  the  aeiosol  models  introduced  by  Shettle  and  Fenn 
■10/.  From  the  visibility  meter  data  the  same  coefficients 
can  be  recalculated  by  has c hm i ed e r 1 s  formula,  however  only 
non-manochromatic  for  the  visible  range. 

“ig.  1  shows  a  range-adjusted  backscatter.  profile  in  the 
wavelength  530nm,  which  is  close  to  the  center  of  the 
visible  transmission  window.  Ng  clouds  or  fog  were  present 
in  the  lidar  path,  the  ground  level  visual  range  was  13km. 
From  the  CSAS  data  at  the  path  end  .173/km  was  derived  as 
attenuation  coefficient.  With  this  figure  as  boundary  value 
Klett's  method  results  in  a  tf(r)  profile  shown  in  Fig.  2. 
The  smooth  curve  oresents  the  integration  over  S'  nr  the 
optical  depth  which  is  .kZ  at  the  path  end.  The  optical 
depth  derived  from  the  visible  transmission,  ,  is  also 
included  in  the  figure.  The  latter  value  (.U U)  is  sl’ghtly 
larger  than  the  first  one,  but  the  agreement  is  still 
acceptable. 

Fig.  3  shows  a  series  of  sigma  profiles,  in  this  case  in 
lOSOnm  wavelength,  from  a  more  inhomogeneous,  but  still 
cloud-free  atmosphere,  again  derived  by  Klett's  method.  The 
ap3cissa  is  now  the  extinction  coefficient  and  the  ordinate 
the  altitude  above  ground  level.  The  profiles  show  the 
influx  of  a  ground  based  aerosol  layer,  initiated  by  the 
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far  Q  follows  then  a  boundary  value 

_L 

&ufrt)  -  —  X'  •  V,  (rc)  (IQ) 

for  the  interval  ( 0  ,  rc  )  .  It  should  be  noted  that  the 
requirement  or  the  ratio  of  the  C  values  in  (7)  introduces 
an  additional  source  of  uncertainty  into  the  evaluation,  and 
it  is  thus  not  sure  that  the  two-step  integration  results  in 
a  real  improvement  compared  to  the  assumption  of  constant 
<  '  s  and  C's.  In  section  6  a  lidar  profile  will  be  evaluated 
by  both  methods  and  the  resulting  CT  near  ground  level 
compared  'with  nephelometer  data. 

S  Examples  for  evaluated  lidar  profiles 

5.1  Low  optical  depth 

( 

In  the  orevious  section  we  mentioned  that  we  have  the 
possibility  to  calculate  extinction  coefficients  to  be  used 
as  Klett  boundary  values  from  aerosol  data  at  a  remote 
point,  namely,  at  the  far  end  of  the  transmission  path. 

^ ram  aerosol  particle  size  spectra  measured  by  a  Knollenberg 
classical  scattering  aerosol  spectrometer  (C5AS)  we 
calculate  wavelength-dependent  extinction  coefficients  using 
Ian  be  Hulst's  approximation  79/  and  refractive  indices 
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3-igti  ••  :  •  jivir-  *  tr u  hours  .  However  .  he  also  observed 

ccmclet •  y  ‘-CitlsrH  <3-0*  diagrams. 

(1)  is  certainly  not  valid  in  cases  where  different  types  of 
scatterers  are  present  either  simultaneously  (for  instance 
if  particulate  and  molecular  scattering  is  comparable  in 
magnitude)  or  spatially  separated  (e.g.,  clouds  and  dry 
aerosol  underneath).  In  such  cases  erroneous  extinction 
data  may  be  obtained  if  the  analytical  solution  (4)  or  (6) 
is  still  used  /7/.  Fernald  et  a  1 .  /8/  applied  Klett's 

backward  inversion  technique  to  a  numerical  algorithm  to 
solve  the  'lidar  equation  for  atmospheric  conditions  where 
molecular  backscatter  cannot  be  neglected  against 
particulate  backscatter.  On  the  other  hand,  if  backscatter 
profiles  from  two  sufficiently  separated  scattering  media 
(e.g.,  dust  and  clouds)  are  to  be  evaluated  (for  example, 
cry  aerosol  from  r=0  to  r£  and  fog  from  to  rw  )  ,  it  is 

imaginable  to  integrate  Klett's  formula  (6)  in  two  steps, 
namely,  first  from  r=rc  to  r=r^ ,  and  then  from  r=r0  or  0  to 
r=r^  .  The  first  step  would  then  deliver  the  boundary  value 
for  the  second  one,  provided  the  k  value  and  the  constant  C 
in  (1)  are  known  for  both  media.  If  (1)  is  valid  with  C 
and  k,  from  r&  to  r^  and  with  C  and  k^  below  rc ,  the 
application  of  Klett's  formula  (6)  to  the  interval  (r  , r_ ) 
delivers  a  value  6*(rc).  From  the  condition  of  steadiness 
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This  kind  of  simplified  multiple  scattering  correction  is 
utilized  e.g.  by  Evans  / 1 3 / -  It  should  at  least  be 
f 0 a _  le  for  an  estimation  of  the  influence  of  multiple 
scattering  upon  the  inverted  lidar  profiles.  In  the 
following  section  same  extinction  coefficient  profiles 
calculated  using  the  modified  Klett  formula  (9)  will  be 
presented. 

f 

The  second  objection  concerns  the  validity  of  the 
Cackscatte r-to-extinction  realationshi p  (1).  It  is  surely 
approximately  valid  if  the  type  of  the  scattering  medium 
does  not  change  along  the  range  interval  considered. 
Eitzgerald  /5/',  for  example,  calculated  backscatter  and 
extinction  coefficients  as  function  of  relative  humidity  of 
the  surrounding  air,  for  aerosols  with  varying  chemical 
composition  (soot  content).  He  found  a  relation  like  (1) 
with  k  values  ranging  from  .96  to  1.2B  for  humidities 
between  90  and  99%,  and  from  .3  and  .84  between  50  and  90%. 
This  applies  under  the  assumption  that  the  dry  aerosol 


characteristics  do 

no  t 

vary 

along  the 

path.  Mulders  /6/ 

cound  the  relation 

(  1 )  to 

b  e 

fulfilled 

on  certain 

days  , 

although  with  constants 
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treatment  of  this  process  requires  the  solution  of  the 
radiative  transfer  equation  under  appropriate  boundary 
conditions  and  is  therefore  very  complex.  Several  authors 
tried  a  treatment  of  the  problem  by  the  Monte  Carlo  method 
or  numerically  under  restriction  to  double  scattering  /3/. 
W e i nm a n /  1 1  /  and  Tam  /  4  /  found  exact  analytical  expressions 
for  the  backscattered  power  using  the  small-angle 
approximation  for  the  scattering  phase  function.  For 
radiative  fog  and  a  reveiver  FOU  of  2  mrad  Tam  found  that 
the  multiple  backscattered  power  exceeds  the  single 
dackscattered  power  already  at  an  optical  depth  of  2. 
Weinman  /II/  describes  the  multiple  scattering  effect  using 
a  correction  function  F(r)  for  the  extinction  term  in  the 
1  idar  squat  ion : 

r 

PC'‘)=GrQ-j/i-r  .  e*p  2  £i  -  FC*)Jcfx  J  (a ) 

Monte  Carlo  analyses  by  Kunkel  and  Weinman  /12/  now  showed 
that  this  correction  Function  is  approximately  constant  for 
optical  depths  greater  than  about  one  and  for  given  constant 
extinction  coefficients.  With  a  constant  F,  however,  the 
modified  lidar  equation  (8)  is  as  easily  to  be  solved  as  the 
single  scattering  equation  (2).  The  factor  2/k  in  front  of 
the  integral  in  ths  denominator  of  (4)  and  (6)  is  just  to  be 
replaced  by  2(1-F)/k: 
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calculation  of  experimental  extinction  coefficients  and  use 
them  as  b  o  u  r  d  a  r  y  values  for  Klett’s  method.  The  resulting 
optical,  thickness  of  the  range  interval  can  directly  be 
compared  with  the  transmissometer  data  and  so  the  validity 
of  the  lidar  inversion  be  tested.  Examples  will  be 
presented  in  the  next  section. 

Although  Klatt’s  inversion  algorithm  delivers  results  which 
are  stable  especially  at  high  optical  depths,  there  are  two 
major  objections  against  the  applicability  of  eq.  (1)  and 
(2).  Toe  first  one  is  the  negiection  of  multiple  scattering 
in  the  lidar  equation  (2).  The  single  scattering  assumption 
means  that  each  photon  which  is  removed  out  of  the  laser 
beam  path  either  by  absorption  or  scattering  has  no  chance 
at  all  to  reach  the  receiver.  However,  in  reality  a  part  of 
tie  scattered  photons  can  enter  the  beam  path  again  due  to 
u  r  t  h  e  r  scattering  processes  and  so  increase  the  power 
received  by  the  detector.  Furthermore,  all  photons  which 
are  scattered  in  the  near-forward  direction  ! ito  the  cone  of 
the  laser  beam  don't  leave  this  beam  at  all.  The 
contribution  of  multiple  scattering  increases  with  optical 
deoth,  with  the  average  size  jf  the  scattering  particles 
relative  to  the  laser  wavelength,  and  with  the  transmitter 
and  receiver  ~  q  \y .  its  negiection  leads  to  an  underesti¬ 
mation  of  the  true  extinction  coefficient.  The  theoretical 
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still  definitely  above  the  noise  or  error  level.  Otherwise 
;>  n  y  3  i  ,j  n . :  1  errors,  which  are  multiplied  by  r 2  in  the 
solution  formula,  get  an  increasing  influence  upon  the 
result.  In  this  respect  we  have  to  note  that  the  choice  of 

r  in  the  first  evaluation  example  in  the  interim  report 

r*\ 

from  February  10,  1983  (Figs.  2  and  3)  was  not  the  best 

one . 

With  decreasing  optical  thickness  of  the  range  interval  the 
influence  of  the  boundary  value  upon  the  resulting  5” -profile 
becomes  more  and  mare  significant,  and  a  6^  more  close  to 
reality  must  be  found.  Here  the  superiority  of  Klett's 
method  decreases  considerably,  and  in  cases  where  a 
realistic  <3^  value  is  available  the  standard  or  forward 
inversion  method  (U)  may  even  deliver  better  results  /2/, 
although  the  dependence  of  the  resulting  average  attenuation 
coefficient  nr  optical  depth  upon  the  boundary  still  remains 
smaller  por  hlett's  formula  (6).  Furthermore  it  should 
again  be  noted  here  that  the  boundary  value  in  the  forward 
inversion  formula  ( <* )  can  be  deduced  from  the  lidar  return 
itself  only  if  the  back  sea 1 1 e r- 1 o-ex t i nc t i on  ratio  is  known. 
This  condition  involves  an  additional  uncertainty  in  the 
application  of  ( U ) .  We  have  the  opportunity  to  take 
advantage  c  •'  our  aerosol  and  visibility  data  from  the 
hreuzeck  station  at  the  end  of  the  transmission  path  for  the 
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The  fundamental  distinction  to  (4)  ig  that  in  (6)  the 
denominator  is  a  sum  instead  of  a  difference  and  so  those 
instabilities  are  avoided.  The  application  of  (6),  however, 
requires  the  knowledge  or  assumption  of  the  attenuation 
coefficient  6^  at  the  remote  end  r^  of  the  range  interval, 
which  in  general  cannot  be  deduced  from  the  lidar  signal 
itself.  However,  it  can  be  shown  that  the  influence  of  the 
boundary  value  upon  the  result  decreases  strongly  with  the 
optical  depth  between  r  and  rm.  If  we  again  name  tho  terms 
in  the  denominator  A  and  B,  respectively,  we  get  similar  to 


( A+B) /A=exp(2//k )  (7) 

from  which  we  easily  see  that  for  instance  within  clouds 
with  extinction  coefficients  >10/km  the  term  A  solely 
containing  the  boundary  value  drops  below  10%  from  B  already 
after  about  100m  distance  from  rw.  For  strongly  turbid 
atmospheres,  therefore,  it  is  not  difficult  to  find  a 
boundary  value  which  results  in  reasonable  extinction 
coeficient  profiles.  In  case  of  doubt  a  larger  boundary 
;axue  should  be  preferred.  The  reference  range  r^  should  be 
sufficiently  large  in  order  to  keep  the  influence  of  the 
boundary  value  low,  but  the  received  signal  at  r^  should  be 
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the  denominator  in  (4)  becomes  a  small  difference  of  two 
large  terms  with  increasing  optical  depth.  Since  the  nume¬ 
rator  in  ( 4 )  is  proportional  to  the  first  derivative  of  the 
denominator,  (4)  can  be  integrated  analytically  and  so  the 
denominator  be  expressed  in  terms  of  the  optical  depth  <f  . 
If  for  brevity  the  two  terms  are  named  A  and  B, 
respectively,  their  relative  difference  becomes 


(A-B)/A=exp(-2^/k) 


where  &  is  the  optical  thickness  of  the  range  interval  from 
?0  to  r.  It  is  easy  to  see  that  at  high  optical  depths  (5) 
can  become  zero  or  even  negative  for  example  if  the  boundary 
value  contained  in  the  term  A  is  chosen  slightly  too  small. 
Another  reason  for  the  denominator  in  (4)  to  become  negative 
even  if  an  absolutely  correct  boundary  value  is  chosen  may 
be  the  influence  of  multiple  scattering.  In  this  case  the 
range-corrected  signal  amplitude  may  decrease  not  fast 
enough  and  the  integral  in  (4)  become  too  large. 


~.e  K left's  backward  inversion  method  is  applied  to  eq.  (3), 
a  solution  form  apparently  only  slightly  different  from  (4) 


/crm  J'm[rc>)  *x]*  *x 
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into  this  differential  equation: 


£[ucrr*>h  v  <3> 


which  has  the  following  analytical  solution: 


_ [P(r)-rXJk _ 

[  PCr , )  r6zJi  /r.  -  £  / 1 PC*)-  x']  * 

6~a  ,  the  extinction  coefficient  at  the  reference  range 
the  required  integration  constant  or  boundary  value, 
is  chosen  sufficiently  small  the  transmission  loss 


(M 

r„  ,  is 

If  ro 
between 


r=0  and  r  =  r4  can  be  neglected  or  estimated  and  the  boundary 
value  derived  from  the  extinction  coefficient  at  the  lidar 
site  itself  (the  choice  r4  =0  is  impossible  because  of  the 
lidar  overlap  function,  which  has  been  omitted  in  (2)). 
This  extinction  coefficient  in  turn  can  be  found  by 
different  ways,  e.g,  by  absolute  calibration  of  the  lidar 
system,  if  the  constants  C  and  k  in  (1)  are  known  or 
realistic  assumptions  are  possible  on  them,  by  the  slope 
method  applied  to  horizontal  or  nearly  horizontal 
backscatter  profiles  if  the  atmosphere  is  sufficiently 
homogeneous  /2/,  or  from  data  delivered  by  any  visibility 
meter  like  an  integrating  nephelometer . 


The  instabilities  mentioned  above  arise  from  the  fact  that 
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Since  the  beginning  of  lidar  remote  sensing  research  it  is 
known  that  most  methods  for  the  inversion  of  the  lidar 
equation,  which  relates  the  range-dependent  received  power 
to  the  optical  parameters  of  the  atmosphere,  tend  to  de 
instable  with  respect  to  measurement  errors  and  tD  errors  in 
the  required  boundary  value  or  calibration  factor.  Klett 
,  ”/  published  an  inversion  method  which  avoids  such 
instabilities.  His  basic  idea  is  to  integrate  the  lidar 
equation  not  in  the  forward,  but  in  the  backward  direction. 

f 

The  method  is  demonstrated  using  the  analytical  solution  of 
the  single  scattering  lidar  equation,  which  exists  if  the 
backscatter  and  extinction  coefficients,  13  and  6~  , 
respectively,  can  be  related  according  to  this  power  law: 


fh-C- cr 


'he  single  scattering  lidar  equation 


P(r)*  G-Q-p-r*  •  exp  (-2  {G'C*)eLxJ 


where  P(r)  is  the  received  power  from  range  r,  Q  the 
transmitted  laser  energy  and  G  a  constant  including  the 
eFficiency  of  the  receiving  system,  can  then  be  transformed 
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cloud  profiles  and  round  13-5"  ratios  ranging  from  about  .01 
to  .05,  i. ;  i  accordance  with  the  results  of  Mulders  /  6  / . 
Inese  variations  contribute  without  doubt  considerably  to 
the  uncertainties  associated  with  the  application  of  the 
’ orward  inversion  method  (4). 

=  .  2  High  optical  depth 

High  optical  depth  conditions  we  call  those  where  clouds  and 

fog  are  present  within  the  lidar  team  path.  At  first  we 

consider  the  case  where  ground-based  fog  with  meteorolocical 
/ 

ranges  of  several  hundred  meters  surrounds  the  lidar  site, 
rig.  fi  shows  a  range-corrected  backscatter  profile  obtained 
during  such  a  situation.  UJe  see  that  the  signal  amplitude 
drops  to  zero  before  complete  overlap  of  transmitter  beam 
and  receiver  FOV  is  reached.  It  is,  therefore,  impossible 
with  our  lidar  configuration  to  make  quantitative 
measurements  within  fog.  For  such  applications  a  much 
smaller  receiver  telescope  or  an  open  detector  without  any 
collecting  optics  would  be  required. 

Qf(r)  profiles  from  an  elevated  s t ra t ocumu lus  cloud  are 
presented  in  Figs.  9A  to  12B,  obtained  by  Klett's  method  in 
all  four  laser  wavelengths  available.  In  the  diagrams  the 
abscissae  present  the  extinction  coefficients  in  a 
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logarithmic  scale,  the  ordinates  the  altitudes,  measured 
vertically  above  ground  level.  The  lidar  elevation  angle 
was  19.2  degrees.  Reference  ranges  were  chosen  around 
2.5km,  just  before  the  signal  amplitudes  dropped  below  the 
resolution  level.  As  boundary  value  ID/km  was  used  in  Figs. 
9 A  to  '1 2 A ,  and  30/km  in  98  to  128.  It  is  clearly  to  see 
that  the  profiles  differ  remarkably  only  in  the  last  50m 
altitude  (or  150m  range).  Below  that  level,  especially  in 
the  cloud-free  space,  the  profiles  are  very  stable  with 
respect  to  the  boundary  value. 

/ 

It  is  now  the  question  whether  the  resulting  extinction 
coefficients  are  realistic,  since  the  assumption  of  the  same 
relation  (1),  especially  the  same  C  value,  for  both  the 
cloud  and  dry  aerosol  regimes  is  surely  not  true.  By  the 
visibility  meter  21km  meteorological  range  was  recorded  near 
ground  level  at  the  time  of  the  lidar  measurements, 
resulting  in  an  extinction  coefficient  of. 186/km.  The  lidar 
profiles,  on  the  other  hand,  deliver  ground  level 
attenuations  which  decrease  with  wavelength,  as  expected, 
"or  the  wavelength  closest  to  the  visible  region,  530 nm, 
.11/km  is  obtained,  that  is  distinctly  less  than  the 
nephelometer  value.  This  deviation  may  be  attributed  to  the 
different  5  -  O' ( C )  ratios  for  both  types  of  scattering  media. 
rrom  tne  M i e  theory  p  o  1 1  a  w  .044  and  .024  for  clouds  and  dry 
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aerosol,  respectively,  with  typical  size  distributions.  UJe 
may  non  apply  K 1 e 1 1 ' s  inversion  method  in  two  steps,  as 
pointed  out  in  the  previous  section.  The  transition  between 
the  dust  and  cloud  regimes  can  be  located  at  2190m  slant 
range  or  720m  altitude.  At  this  range  the  amplitude  of  the 
profile  Fig.  90  is  .15/km.  Together  with  the  steadiness 
condition  (9)  and  the  two  C  values  mentioned  above  we  get 
.275/km  as  boundary  value  for  the  lower  part  of  the  signal, 
if  for  simplicity  k=1  is  assumed  to  be  valid  within  both 
regimes.  From  the  resu 1 1 ing  O' ( r )  profile,  which  is  shown  in 
Fig.  13,  fallows  now  a  ground  level  value  of  .16/km,  which 

t 

is  in  fact  closer  to  the  measured  extinction  coefficient. 

On  the  other  hand,  a  similar  result  is  obtained  by  the 
one-step  integration,  if  k  is  set  to  1.15  instead  of  1.0,  as 
shown  in  Fig.  it*.  This  method  has  the  further  advantage  to 
be  applicable  also  in  cases  where  the  transition  between 
bust  and  cloud  is  less  sharp  defined,  like  in  the  profile 
r  i  5  •  15.  It  was  obtained  on  the  same  day  as  the  formerly 
discussed  profiles,  but  at  a  later  hour.  The  ground  level 
visual  range  was  then  10.5km,  resulting  in  an  extinction 
coefficient  of  .37/km.  This  value  obviously  agrees  with  the 
Ildar  value  (also  .37/km)  already  for  k=1.  The  diagram  Fig. 
25  shews  a  correlation  between  further  extinction 


coefficients  measured  by  the  nephelometer  about  15m  above 
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ground  iavel  (abscissae)  and  extinction  coefficients  which 
are  derived  from  lidar  returns  from  clouds  and  fog  by 
Klett’s  method  (extrapolation  to  ground  level,  ordinates). 
In  the  heading  are  given  the  correlation  coefficient  R,  the 
correlation  factor  CF  (i.e.  the  slope  of  the  regression 
line),  the  intersection  paint  B  of  the  regression  line  with 


the  ordinate  axis 

and 

the 

number 

of 

cases  N 

• 

CF<  1 

indicates  that 

the 

average  lidar 

extinction 

data 

are 

somewhat  smaller 

than 

the 

nephelometer 

values , 

but 

the 

deviations  do  not  exceed  the  general  scatter  of  the  data. 

/ 

Je  can  thus  state  that  Klett's  method  results  in  stable 
extinction  data  far  turbid  atmospheres  if  reference  range 
and  boundary  value  are  chosen  as  mentioned.  They  are  not 
very  far  from  reality  in  spite  of  the  single  scattering 
assumption  and  the  restriction  to  the  C  ratio  expressed  in 
the  relationship  (1). 

lu'e  will  now  discuss  briefly  the  applicability  of  the  forward 
inversion  or  standard  method,  eq.  ( 4 ) .  On  November  4  , 
19Q4,  a  stratocumulus  layer  was  present  at  about  300m 
altitude,  and  well  mixed  dust  with  4.7km  visual  range  below. 
He  made  some  lidar  measurements  at  20  deg.  elevation  angle, 
and  one  at  5  deg.  elevation,  in  both  530  and  1060nm 
wavelength.  To  the  latter  profiles  the  slope  method  was 


applicable  resulting  in  extinction  coefficients  of  about 
1.04/km  and  .SG'km,  respectively.  From  the  visual  range 
fallow  . h 3 / k m .  The  2  0  deg.  elevation  'profiles  were 
evaluated  by  K 1  a  1 1 '  s  method  as  discussed  above,  with 
boundary  values  30/km  and  k=1.  Examples  are  shown  in  Figs. 
ISA  and  15B  for  530  and  lObOnm,  respectively.  The  lowermost 
6"  amolitudes  are  .6  and  .25/km  for  the  two  wavelengths.  The 
530nm  value,  .6 /km,  agrees  fairly  well  with  the  nephelometer 
value,  ( . S  3/km ) ,  but  the  slope  coefficient  (1.04)  is 
distinctly  larger.  A  similar  deviation  is  observed  in 
1Q60nm  between  the  slope  and  Klett  data.  Multiple 

f 

scattering  cannot  be  responsible  for  these  discrepancies 
since  it  would  produce  deviations  in  opposite  direction. 
However,  the  1060nm  profile  seems  to  indicate  the  presence 
of  a  ground-based  layer  of  increased  aerosol  concentration, 
with  a  thickness  of  about  30m.  Because  of  the  longer 
non-overlap  range  this  layer  does  not  show  up  in  the  530nm 
profile. 

Js  now  applied  the  forward  inversion  method  using  the 
above-mentioned  ground  level  data  as  boundary  values.  Figs. 
17A  and  17B  show  the  results  for  the  slope  values.  In  both 
profiles  singularities  occur  within  the  cloud  region,  i.e. 
tne  denominator  in  (4)  becomes  7.ero  and  then  negative.  If 
tno  boundary  values  are  taken  from  the  Klett  curves  (.6  and 
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.25/km,  respectively),  the  singularities  are  shifted  more 
towards  the  end  of  the  range  interval  (Figs.  ISA  and  IBB), 
but  they  are  still  present.  Of  course  it  is  possible  to 
adjust  the  boundary  value  such  that  no  singularity  occurs, 
but  this  procedure  is  actually  already  equivalent  to  the 
backward  inversion  technique. 

Ue  want  to  point  out  that  the  transition  layer  between 
clouds  and  the  cloud-free  space  underneath  shows 
considerable  differences  in  thickness  as  well  as  in 
structure  from  case  to  case.  We  have  already  seen  two 

f 

examples  for  different  thicknesses  of  that  layer  (Figs.  10 
and  15).  A  still  sharper  transition  is  evident  in  the 
profile  Fig.  19.  In  this  case  the  near-ground  visual  range 
was  > AOkm .  Obviously  the  thickness  of  the  transition  layer 
increases  with  the  aerosol  concentration  below.  Due  to 
■water  vapor  absorption  with  increasing  humidity,  the 
particles  may  grew  and  give  rise  to  increased  backscatter 
already  below  the  real  cloud  base.  Sometimes  we  see, 
finally,  ?  multi-layered  structure  of  the  cloud  base  (Fig. 
20).  This  structure  often  changes  rapidly  with  time.  More 
detailed  examples  will  be  presented  in  section  7. 

Concluding  this  section  we  present  application  examples  for 
the  Klett  formula  with  simplified  multiple  scattering 
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correction  (9).  Fig.  21  shows  aCF-profile  from  a  low-level 

strutus  cloud,  calculated  by  the  single  scattering  formula 

(b),  i.e.  with  the  correction  factor  F  in  (B)  set  to  zero, 

as  indicated  in  the  heading  of  the  Figure.  For  a  receiver 

FGV  of  10  milliradians,  like  in  our  system,  and  for  a 

cumulus  cloud  ( De i rmend j ian 1 s  /1A/  type  C-1)  Kunkel  and 

Weinman  /12/  found  a  value  of  about  .3  for  the  correction 

function  F.  If  (9)  is  applied  to  the  same  lidar  return  with 

this  F  value,  the  profile  shown  in  Fig.  22  results.  The 

difference  to  the  profile  Fig.  21  is  just  that  the 

extinction  coefficient  is  enlarged  by  the  factor 

/ 

1 '  ( 1 -F  )  =  1 .  A3  .  For  simplicity,  the  total  profile  Fig.  22 
was  calculated  with  F=.3,  including  also  the  lower, 
cloud-free  part,  where  single  scattering  conditions  are  more 
probable.  An  improvement  of  the  evaluation  should  be 
passible  by  a  two-step  procedure,  i.e.  by  application  of 
the  formula  (6)  between  the  reference  range  537m  and  the 
range  290m,  and  the  single-scattering  formula  (6)  tD  the 
interval  from  zero  to  290m,  the  cloud-free  space.  As 
boundary  value  for  the  second  step  the  extinction 
coefficient  resulting  from  the  first  step  for  r=290m  is  to 
re  used.  Fig.  23  shows  the  result  of  this  procedure  for 
the  lower  range  interval.  Again  no  dramatic  changes  are 
observed. 


4 
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If  the  multiple  scattering  correction  formula  (8)  is  applied 
to  the  previously  discussed  profile  Fig.  1QB,  ye  get  the 
profile  shown  in  Fig.  24.  Again  the  profile  amplitude  is 
raised  by  the  factor  1.43.  If  the  cloud-filled  and 
cloud-free  regimes  are  treated  separately  in  the  same  manner 
as  shown  in  Figs.  22  and  23,  the  profile  Fig.  25  is 
obtained  far  the  lower  interval  up  to  2190m  slant  range  or 
720m  altitude.  The  near-ground  extinction  coefficients 
resulting  from  both  profiles,  Fig.  24  and  25,  agree  better 
with -'the  nephelometer  value,  .186/km,  than  that  from  the 
profile  calculated  by  the  single  scattering  formula  (6). 

/ 

7  Extinction  coefficient  profiles  from  clouds  and  fog 

During  the  course  of  this  project  several  hundreds  of 
backscatter  profiles  from  cloudy  and  foggy  atmospheres  have 
been  obtained.  lile  have  seen  in  the  previous  sections  that 
such  profiles  can  be  evaluated  by  Klett's  method  in  a  nearly 
straight-forward  manner.  The  range  just  before  the  lidar 
return  drops  below  the  resolution  limit  should  be  chosen  as 
reference  range,  and  a  large  number  greater  than  about  10/km 
may  be  used  as  boundary  value,  which  is  uncritical  in  such 
cases.  liJe  thus  developed  an  automatic  program  which  is  able 
to  calculate  5*- profiles  from  a  selected  set  of  lidar 


returns.  That  range  where  the  signal  amplitude,  seen  from 
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t.ne  rear  end  of  the  interval,  reaches  first  the  digital 
value  6  (2.3  is  chosen  as  reference  range,  and  20/km  as 
boundary  value).  The  exponent  k  is  set  to  unity,  since  there 
is  no  cogent  reason  to  choose  any  other  value.  The  altitude 
ranges  are  selected  automatically  among  the  values  100,  200, 
300m  ana  so  forth,  according  to  the  vertical  altitude  of  the 
reference  point.  Wane  of  the  corrections  for  multiple 
scattering  etc.  mentioned  above  are  applied,  since  this 
Mould  involve  an  individual  treatment  of  each  signal  and 
would  furthermore  not  come  up  with  dramatic  changes  of  the 
resulting  profiles.  For  each  diagram  a  heading  is  created 

f 

containing  first  a  figure  number,  7.1  and  so  forth,  where 
the  part  after  the  period  is  incremented  automatically.  It 
follow  then  the  label  "Klett-  profile”,  the  wavelength  used, 
the  lider  elevation  angle,  date  (year,  month,  day)  and  time 
interval  (Central  European  Time,  CET)  of  the  measurement, 
the  reference  range  R M ,  and  boundary  value  SM  and  exponent  K 
(here  20/km  and  1.0,  repectively,  throughout).  A  total  of 
303  diagrams  have  been  created  in  this  way.  After  plotting 
they  were  inspected  critically  and  some  of  them,  where  the 
automatic  procedure  to  find  RM  did  obviously  not  work, 
recalculated  manually.  Other  profiles  were  cancelled 
oomoletely,  and  so  some  figure  numbers  are  missing. 


’t  is  known  that  the  amplitude  of  the  lidar  return  signal  is 
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reduced  beiau  □  certain  minimum  range  by  incomplete 
cross ewer  a f'  laser  beam  and  receiver  F  0 V  and  in  cases  also 
due  to  overloading  of  the  transient  recorder.  Since  it  is 
imoossible  to  find  this  minimum  range  automatically,  the 
profiles  were  always  formally  calculated  up  to  zero  range. 
'Jhereas  this  non-cor  ect  part  of  the  profiles  is  easily 
recognized  in  cases  where  overloading  occurred  (that  part  of 
the  curves  increasing  smoothly  proportional  to  the  log  of 
range  or  altitude),  this  is  more  difficult  in  other  cases. 
The  minimum  range  was  marked,  therefore,  by  a  small  circle 
in  a  part  of  the  diagrams. 

t 

Since  bac< scatter  from  clouds  in  general  changes  rapidly 
whithin  a  minute  or  less,  most  of  the  presented  profiles  are 
single  shots  in  order  to  show  the  momentary  cloud  structure. 
The  above-mentioned  method  to  increase  the  amplitude 
resolution  by  combining  profiles  obtained  with  different 
input  ranges  is  not  applicable,  therefore,  for  cloud 
signals.  So  in  some  diagrams  unavoidable  digitization 
errors  show  uo.  Another  source  of  errors  are  the  rapid 
amplitude  fluctuations  which  occur  sometimes  in  cloud 
returns.  They  cause  the  occasional  negative  overshoots 
union  ere  unavoidable  in  spite  of  careful  design  of  the 
amplifier::.  In  some  cases  this  effect  causes  small  breaks 
n  tne  calculated  Klett  profiles,  where  the  amplitudes  drop 
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Co  zero  . 

The  remaining  cloud  extinction  profiles  are  presented  in  the 
aopendix,  Figs.  7.1  to  7.303.  Ue  give  now  short 
descriptions  of  the  weather  situations  during  the  measuring 
cates  arid  some  remarks  on  the  presented  profiles. 

52-11-10,  Figs.  7.1-7.12 

After  rainfall  during  nighttime  stratocumulus  banks  were 
deserved  at  the  mountain  slopes  under  a  closed  Sc  cover. 

Tna  air  in  the  cloud-free  space  was  extremely  clear  so  that 

t 

here  the  extinction  coefficients  remain  only  in  3A7nm 
wavelength  within  the  presented  range.  The  striking  sharp 
cloud  boundaries  are  to  be  noted. 

-:2-12-lA,  Figs.  7.13-7.27 

Occasional  light  snow  showers,  Cu  fra  and  Sc  at  the  slopes, 
lower  boundaries  between  250  ant  720m  altitude.  Their 
structure  shows  heavy  fluctuations  causing  negative 
overshoots  of  the  signals. 

03-01-19 ,  Figs.  7.28-7.29 

Cu  fra  clouds  occurred  at  the  end  of  the  range  interval  at 
3  3  wm  altitude.  The  signal  fluctuations  below  come  from 
light  snowfall,  which  is  obviously  very  inhomogeneous. 
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53-02  - I G,  Figs.  7.30-7.58 

Tujo  layers  of  Stratus/Stratocumulus  were  observed  at  4  50  and 
S30m,  respectively.  The  lower  layer  was  temporarily 
transparent.  In  the  afternoon  only  one  layer  remained  at 
500m.  The  aerosol  concentration  below  the  clouds  was  higher 
than  in  the  previous  cases,  and  a  more  smooth  transition  of 
the  extinction  coefficient  was  found.  The  thickness  of  the 
transition  layer  varied  between  80  and  200m. 

83-03-16,  Figs.  7.61-7.65 

Intense,  moist  haze  near  ground  level  was  covered  by  an 
opaque  stratus  layer  (advectian  fog)  at  about  200m  altitude. 
Mote  the  very  smooth  transition  between  the  two  layers. 

33-06-29,  Figs.  7.66-7.73 

Cu  fra  clouds  occurred  at  620m  altitude  and  temporarily  at 
620m.  The  haze  layer  below  was  rather  moist  in  the  morning 
and  showed  a  remarkable  structure  due  to  precondensation 
effects.  Later  on  the  humidity  decreased,  the  ground  visual 
range  increased  from  10  to  22km  and  the  structures 
disappeared.  Again  the  cloud  extinction  shows  a  strong 


spatial  structure. 
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-  •  tsr  r:  Vmn  iGi-ar.ounr  in  the  early  morning  Cu  fra  clouds 
,  r  e  ,  .  [j  r  v  n  d  j  t  400-600m  altitude,  sometimes  with 

1 1  i  -  i s  r  ed  structure.  Relatively  sharp  cloud  boundaries 
;  r  e  noted  in  this  case  in  soite  of  the  not  small  aerosol 
concentration  below.  An  excellent  agreement  was  found 
between  v L o i b i 1 i ty -derived  extinction  coefficients  (6.1/km) 
md  near- ground  values  of  5  2  0  n  m  lidar  profiles  (6.0/km). 

3  -  *  C  —  -  ■  1  .  Figs.  7.52-7.34 

.ndsrneath  a  multi-layered  stratocumulus  at  700-800m  fairly 
homogeneous'  cost  with  visibilities  from  23  to  26km  was 
recorded.  The  thickness  of  the  cloud  transition  layer  was 

;  0  m . 

r3-^-"3.  -igs.  7.85-7.87 

low-level  opaque  stratus  layer  (advection  fog)  was 
recorded  at  3 C 0 m  altitude,  and  intense  moist  haze  below 
;  i s .  range  7km).  The  lidar  profiles  show  remarkable 
vertical  structure. 

14-02-23,  -igs.  7.88-7.90 

3  remainder  o'  a  closed  Sc  layer,  dissolving  banks  of  Sc 
a  n  b  0u  fra  occurred  at  the  mountain  slopes  at  700m.  The 
aloud  signals  snow  considerable  multilayer  structure.  The 
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~  r  o  f  i  1  j  r' :  r. .  7.63  has  already  been  discussed  in  detail  in 

the  p  r  .  1  a  ■ .  m  'jl’c  t  i  uri . 

6  6 -Q 3 -61,  6igs.  7.51-7.122 

In  the  morning  a  ground  based  layer  of  advection  fog  was 
oresenf,  onion  lifted  slowly  in  the  course  of  the  day,  i.e. 
the  lower  oounriary  ascended  up  to  200m  in  the  afternoon. 
Correspondingly  the  visual  range  at  ground  level  increased 
" r o m  .5  go  7km.  Useful  lidar  returns  could  not  be  obtained 
oepore  noon,  when  the  lower  cloud  boundary  had  arrived  at 
50m  altitude.  Then  the  profiles  show  at  first  some 
multilayer  structure,  which  vanished  toward  the  evening. 
Finally  a  very  smooth  and  continuous  transition  between 
cloud  mo  c  i  o • : d - r e e  space  is  observed. 


=  5-03-2",  e  .  "'.123-7.125 


Ft  t  h 

-3  "nog 

at  600m  Cu 

fra 

clouds 

occurred. 

The 

a  tmcspn 

?r  r  9  5  t?  1  j  »u 

was  extremely 

clear 

after  a 

rain 

front , 

the 

extinct 

ion  i 

cients  here  remained 

below 

tl-.ri 

limits 

of 

the  c  i 

a  g  r  2  n  . 

gain  a  very 

thin 

transition 

layer 

was 

recorded  (thickness  below  10m). 


JO 


i  pi;,  mi  ici  o  a  i  f ,  r  iv  i  mil.  ,  mi  v  i 1 1  rr;i 


Or.:] 8 , 1 1 :  08 
10.  ^  M  ,K  -  1 


. 38,840228,11:08 
NM  ,SM=30/KM ,K=1 


bfcTA*TAU««2  ,  1/KM»SR 


DELTA ( R ) 


A*TAU**2  /  1/KM*SR 


BETA*TAU**2  r  1/KM*SR 


EXTINCTION  DATA  COMPARISON 
DAR-Transm.  VIS,  840315 


inrwirrn  at  r.nvi  n i  i  vivn'ti 


TIME,  CET 


i  iioiniri  n  AT  r.nvi  i.nmi  ni  i  vi*i  iv:t 


F'S-  3 


40  CET 


09.55  CET 


11.46  CET 


SIGMA  ,  1/KM 


14.00  CET 


SIGMA  ,  1/KM 


15.03  CET 


SIGMA,  1/KM 


16.05  CET 


SIGMA,  1/KM 


17.05  CET 


SIGMA,  1/KM 


17.46  CET 


SIGMA,  1/KM 


SIGMA,  1/KM 


BETA*TAU**2,  t/KM*SR  *lCf 

SIGMA(R).  1/KM  0_Q  o.  4  0.8  1.2  1.6  2.0 

0.4  0.6  0.8  1.0 


^  hi  1-nontirrn  at  r.ovriiNivn  Nt  i  vr»rN*:i 

RANGE  ilUKM.  BACKSCATTEk  PROFILE/-  LIN, 
BLOB  1  1 ,  12: 51-12: 53  ,CET 
0530NM  ,EL. 19DG12MN 


R,  KM 
1.6 


3.0  ,  0. 


R,  KM 


FIG.  2 

KLETT-PROFILE  ,0530NM /EL. 19DG12MN 

820811,  12: 51-12: 53  ,CET 

RM<=2.  650KM  ,SM=  0.  1730/KM  ,K=1.  000 


R,  KM 

1.2  1.6 


JDEL 


n 


2.4  2.8 


R,  KM 


m  i  tinniK’rn  at  r.nvt  riNMTNT  '  wmit 


UU 


APPEIMO  I  X 


Figures  "  -  2  5 


i 


to  Section  6 


I 


-'igurea  7.1.  -  7. 


303 


to  Section  7 


m  funnnrrn  at  oov:  ;nmfnt  ryrrNSF 


4  3 


3  References 

/  1  /  j.D.Klett," Stable  Analytical  Inversion  Solution  for 
Processing  Lidar  Returns,  "Appl. Opt.  2_0_  ,211(1981) 

/  2  /  G.J.Kunz , "Vertical  Atmoapheric  Profiles  Measured 
with  Lidar", Appl. Opt. _22. ,  1955(  1983) 

/ 3 /  E.D.Hinkley  ed. ."Laser  Monitoring  of  the  Atmo¬ 

sphere  Sp  ri  nge  r  ,  Mew  York  1976 

/ 4 /  U . G . T am , " Ae rasa  1  Backscattering  of  a  Laser  Beam," 

Appl. Opt. 22, 2965(1983) 

/ 5 /  J.W. Fitzgerald, "Effect  of  Relative  Humidity  on  the 

Aerosol  Backscattering  Coefficient  at  0.694  and 
IG.h-um  Wavelength,  "Appl. Opt .  2_3 , 411(1984) 

/  6  /  •'  0  .  M .  Mu  lders  ,  "  Algori  thm  for  Inverting  Lidar  Returns: 

Comment,  "Appl  .  Op  t .  23_,  2855(1984) 

/ 7/  0 . H . Ri cht e r , RSG8  Meeting  at  FfO,  Tubingen,  1984 

/3/  F . G . Fe rna 1 d , " Ana ly s i s  of  Atmospheric  Lidar  Observa¬ 
tions:  some  Comments", Appl. Opt. 23, 652(1964) 

/ 9/  U.Halavee  and  A . Kahnle , " Fas t  Computer  Code  to  Fit 

Aerosol  Size  Distributions  and  to  Calculate 
Optical/IR  Propagation  Coef f ici ent s " , Repor t  FfO 
1961/128 

/ 10/  E.P.Shettle  and  R.W.Fenn, "Models  for  the  Aerosols 

of  the  Lower  Atmosphere  and  the  Effects  of  Humidity 
Variations  on  their  Optical  Properties,"  AFGL-TR-0214 

/II/  J . A . We i nman ," Effects  of  Multiple  Scattering  on 

Light  Pulses  Reflected  by  Turbid  Atmospheres," 

J. Atmos. Sci . 33 , 1763(1976) 

/ 12/  K.E.Kunkel  and  J. A. Weinman, "Monte  Carlo  Analysis  of 

Multiply  Scattered  Lidar  Returns", 

J. Atmos. Sci. 33, 1772(1976) 

/ 1 3 /  B.T.M. Evans, "On  the  Inversion  of  the  Lidar 

Equation,"  Defense  Research  Establishment  Valcartier 
Report  4343/84 


,  i  u  / 


D.Deirmendjian  ,  Appl  .  Op  t .  J5 ,  187  (  1964  ) 


in  i  linnucrn  ai  r.nvi  i : n vi r n t  i  <a>t  nsi 


42 

Under  moderate  optical  depth  conditions,  on  the  other  hand, 
Klett's  method  delivers  results  which  agree  with 
transmissometer  data  as  long  as  realistic  boundary  values 
□re  available.  If  not,  the  forward  inversion  method  can  be 
applied,  but  a  more  precise  boundary  value  is  then  required. 
It  can  be  derived  from  the  backscatter  profile  itself  if  the 
lidar  is  calibrated  absolutely  and  the  3/8"  ratio  is  known, 
or,  since  it  is  difficult  to  keep  the  calibration  status 
constant  over  long  time  periods,  from  data  delivered  by  some 
visibility  meter  like  an  integrating  nephelometer.  Such  a 
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get  to  10  and  15  degrees  only.  The  profiles  thus  present 
not  only  vertical  structures.  Considerable  inhomogeneities 
were  recorded  throughout  the  period,  but  the  temporal 
variations  slowed  down  somewhat  in  the  afternoon. 

B  Conclusions 


From  the  hitherto  gained  experiences  with  the  evaluation  of 
iidar  returns  we  may  conclude  that  Klett's  backward 
inversion  method  provides  extinction  coefficents  versus 
range  which  are  very  stable  with  respect  to  measurement 

f 

errors  and  errors  in  the  choice  of  the  boundary  value.  In 
cases  of  high  optical  thickness  of  the  range  interval,  i.e. 
especially  when  the  lidar  signal  vanishes  in  clouds  or  fog, 
the  resulting  <T(r)  profiles  depend  only  to  a  small  extent 
upon  the  boundary  value  if  the  reference  range  is  chosen 
properly.  Furthermore,  the  profiles  are  in  general  not  far 
from  reality  if  the  exponent  k  in  the  8-CT  relation  (1)  is 
set  to  values  around  1,  in  spite  of  the  single  scattering 
assumption  in  the  lidar  equation  (2)  and  to  the  restrictions 
introduced  by  the  assumption  of  the  validity  of  (1).  Thus 
the  lidar,  together  with  Klett's  evaluation  method,  is  an 
excellent  tool  far  vertical  structure  measurements  under  low 
visibility  conditions,  especially  for  the  study  of  the  fine 


structure  of  cloud  bases. 
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few  minutes. 


34-12-03,  Figs.  7.232-7.256 


This  day  two  stratocumulus  layers  occurred  at  200  and  600m, 
respectively.  The  upper  layer  covered  the  complete  aky ,  the 
lower  one  only  about  half  of  it  and  disappeared  completely 
during  the  two  hours  measurement  time.  Laser  shots  were 
fired  in  short  time  intervals  down  to  a  minute  in  order  to 
show  the  rapid  temporal  fluctuations  of  the  observed 
structures.  At  the  end  of  the  interval  all  structures  below 
500m  had  disappeared,  and  a  smooth  transition  to  the  upper 
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cloud  layer  was  recorded.  The  oscillations  showing  up  in 
some  profiles  are  caused  by  occasional  amplifier  ringing  and 
are  thus  net  real. 


34- 12-04,  Figs.  7.257-7.303 

This  final  series  at  the  fen  area  was  extended  over  more 
than  U  hours,  and  from  the  totally  obtained  71  lidar  returns 
A7  were  selected  as  useful  for  the  presentation  of  the 
atmosoheric  structure  and  its  temporal  variations.  The  sky 
was  completely  overcast  by  a  stratus  layer  with  slowly 
descending  base  at  about  100m  above  ground  level.  By  eye 
observations  from  one  of  our  mountain  stations  the  upper 
boundary  of  this  layer  was  located  at  300m  above  ground. 
Because  of  the  low  cloud  base  the  lidar  elevation  angle  was 
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•>gain  .i  at:-  itus  u  luiid  at  IbOm  above  dense  and  moist 
ground-  rucer  n-.jn  occurred  at  the  measurement  site.  Since 
*.•'5  l  ‘  -  •;  r  l.  ••  *’ ;  red  at  only  5  degr.  elevation  angle,  the 

.  1  r  u  c  .  -o*  .•  •corded  before  1.8km  range  and  so  the  signal 

:,5  '  i  it  rad  le  digitization  errors. 
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between  an  St  Sc  layer  at  230m  altitude  and  ground  level 
Cense  anc  moist  haze  mas  observed  another  time.  Some  lidar 
returns  were  obtained  at  different  elevatibn  angles,  showing 

t 

two-f'old  cloud  base.  The  ground-level  extinction  data 
resulting  from  the  Mlett  inversion  have  already  been 
discusssed  in  section  6  (Figs.  16-18). 

34-11-16,  Figs.  7.217-7.227 

This  and  the  remaining  two  measurement  series  were  obtained 
at  the  selected  site  outside  of  the  mountain  area,  were 
ground-based  fog  and  low-level  stratus  occur  more 
frequently.  A  shallow  fog  layer  was  transported  up  through 
the  valley  between  the  measurement  site  and  the  institute  by 
the  catabatic  valley  wind.  Outside  the  mountains  the  fog 
layer  base  was  somewhat  elevated  at  50m  above  ground. 
During  noon  time  the  fog  dissolved.  The  profiles  show 
considerable  i nhomogene i t i es  which  varied  rapidly  within  a 
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A  ground-bar.  ed  *'  □  ■;  layer  with  visibilities  fluctuating 
between  .5  and  2<t  ascended  slowly  and  dissolved  in  the 
early  afternoon.  The  ground  visual  range  increased  up  to 
9km.  The  first  profiles  at  10  degrees  elevation  again 
should  represent  in  the  first  place  horizontal  structures, 
however  a  Tiultilayer  structure  aF  the  cloud  base  remains 
througnout  tne  measurement  period.  In  spite  of  the  only 
moderate  visual  range  at  ground  level  a  quite  sharp 
transition  between  cloud  and  haze  is  recorded  finally. 
'•13ybe  the  visibility  was  mainly  reduced  by  high  humidity  and 
not  by  a  high  concentration  of  dry  aerosol  material. 

SA-08-29,  figs.  7.193-7.19A 

The  two  profiles  indicate  an  Sc  layer  at  1 100m  altitude. 
The  aerosol  underneath  is  fairly  homogeneous  and  moderately 
concentrated  (visual  range  10km).  The  transition  layer  is 
50m  in  this  case  and  thus  relatively  thick. 

3A-10-06,  Figs.  7.195-7.197 

Initially  a  fog  layer  at  60m  was  observed,  which  became 
transparent  two  hours  later.  A  second  cloud  layer  at  600m 
became  thus  visible  through  the  remainders  of  the  fog. 
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Slt-Olt-Qi.,  Figs.  7.126-7.137 

The  lidur  returns  were  obtained  from  a  cumulus  cloud,  uiith 
base  at  first  at  700,  then  at  1200m.  Between  500m  and  the 
cloud  base  a  region  with  increased,  irregular  backscatter  is 
observed,  originating  from  light  snowfall. 

3  <*-04-1 1  ,  Figs.  7. 138-7 .156 

A  low-level  stratus  cover  with  base  at  200-300m  was  present, 
and  strong,  moist  haze  underneath.  Again  a  multilayer 
structure  was  observed  in  the  beginning,  which  was  later  on 
replaced  by  a  smooth  transition  between  haze  and  cloud.  It 
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is  interesting  to  note  that  profiles  obtained  at  7.5deg. 
elevation  angle  show  more  fine  structure  than  those  at  15 
degrees.  Obviously  the  observed  inhomogeneities  extend  more 
in  the  horizontal  than  in  the  vertical  direction. 

54-04-18,  Figs.  7.157-7.162 

A  stratocumulus  layer  is  found  at  500m  altitude,  with  strong 
multilayer  structure  at  the  base.  Also  the  aerosol  below 
with  15km  vis.  range  shows  considerable  inhomogeneity, 
probably  due  to  precondensation  effects. 
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tTrmi - : — I - 1 — i — t  iimi — t: - 1 - 1 — i — rr-rrn — : - t - 1 — i — r 

5678940  2  3  4  5  6  7894 (f  2  3  4  5678940  2  3  4  5 

SIGMA,  1/KM 

FIG.  7.14 

KLETT-PRQFILE  ,106QNM  ,EL. 19DG12MN 

821214,  09: 30-09: 31, CET 

RM=2. G70KM  ,SM=20. 0000/KM ,K=1. 000 


5  6789I10'1  2  3  4  5  6789,lCf  2  3  4  5  6789jl01  2  3  4  5 


5  678940M  2  3  4  5  6  7  89*  \  (f  2  3  4  5678940*  2  3  4 

SIGMA,  1/KM 


40  60  80  100  0  20  40  60  80  100 

ALTITUDE,  M  *10'  ALTITUOE,  M  *10' 


ALTITUDE,  M  *10’  ALTITUDE,  M  «10* 

40  60  80  100  0  20  i0  60  80  IOC 


,  .  ui  fnnni irrn  a t  r,i >vi  iinmf  N i  r  yitn,-,( 

h  LFIT  PROFILE r0347NM  ,EL. 19UG12MN 

ELI  110,  11: 08-11: 08  , GET 

RM:-  1 . 700KM  ,SM=20 . 0000/KM  ,K=  1 . 000 


FIG.  7.12 

KLETT-PRQFILE  ,106QNM  ,£L. 19DG12MN 

821110  ,  ll: 13-11: 13  ,CET 

RM=1. 809KM  ,SM=20. 0000/KM  ,K=1. 000 


ALTITUDE,  M  *10’  ALTITUDE,  M  *10’ 


ALTITUDE,  M  *10’ 


FIG. 


m  rnnmirrn  at  tkivi  i.iimlni  r  vi>rNr.i 


KLETT  PROFILE  ,0530NM  ,EL. 19DG12MN 

821110  ,  11: 05-11: 05, GET 

RM=1. 5G1KM  ,SM=20. 0000/KM ,K=1.  000 


167831  O'1  2  3  4  5  678310?  2  3  4  5  6  783l0‘  2  3  4  5 


5  678940'1  2  3  4  5  6789‘icf  2  3  4  5  67894 (}* 

SIGMA,  1/KM 

FIG.  7.10 

KLETT-PROFILE ,0634NM ,EL. 19DG12MN 

821110,  11: 10-11: 10, CET 

RM=1. 794KM  ,SM=20. 0000/KM ,K=1. 000 


1S78310'1  2  3  .4  5  6783lCf  2  3  4  5  8783101  2  3  4  5 


5S78940'1  2  3  4  5  G789jl(^  2  3  4  5  6  7894 Q1  2  TTs 

SIGMA,  1/KM 


ALTITUDE,  M  «10 


ALTITUDE,  N  «10'  ALTITUDE,  M  *10' 

40  SO  BO  100  0  20  40  GO 


iu  I'noni irrn  At  c.cv  i  iinnitmi  i  vpf^i 

FIG.  7 .7 

KLETT-PRQF ILE  ,0347NM  ,EL. 13DG12MN 

821110,  IQ; 04-10: 04  ,CET 

RM=1. 843KM  ,SM=20 . QQQO/KM  ,K=1. 000 


5  678S10'1  2  3  4  5  S  783lCf  2  3  4  5  6789,10*  2  3  45 


5  6  789ll0'1  2  3  4  5  6789'icf  2  3  4  5  678940* 

SIGMA,  1/KM 


FIG.  7.8 

KLETT-PROFILE  ,Q530NM  ,EL. 19DG12MN 

821110,  10:08-10:09  ,CET 

RM=1. 824KM  ,SM=20 . 0000/KM  ,K=1. 000 


5  S  789il0_1  2  3  4  5  6  789,1  CP  2  3  4  5  678310*  2  3  4  5 


l  1  I  111 


5S789I10'1  2  3  4  5  6789‘lCf  2  3  4  5  678940*  2  3  4 

SIGMA,  1/KM 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10 


:  v  1  I'lUMMirni  A  1  f'.nvi  i ,  N  M  r  N  '  f  V|*f  M‘:| 


1  U  .  .  O 

kL.FTT- l-ROH  II.E,1060NM  ,EL.  13DG12MN 

821110,  09: 58-09: 58 ,CET 

RM--2 .  646KM  ,SM=20 . 0000/KM  ,K=1. 000 


So  7831 0'1  2  3  4  5  6  7831  2  3  4  5  678310 


5  6789l10'1  2  3  4  5  6789‘icf  2  3  4  5  6789'l01 

SIGMA,  1/KM 

FIG.  7.6 

KLETT-PROFILE  ,0694NM ,EL. 19DG12MN 

821110,  10: 00-10: 00 ,CET 

RM=1. 800KM  ,SM=20. 0000/KM ,K=1. 000 


5  678310'1  2  3  4  5  678SlCf  2  3  4  5  678310* 


D  678940'1  2  3  4  5  6789*1#  2  3  4  5  6789*10* 

SIGMA,  1/KM 


T1TU0E,  h  *10*  ALTITUDE 


•  >|  irf  f)  A  !  i  .1  >V  l  uiNjMf  N  I  I  f '  I  NM 

kl.i  TT  * l"'KUI  1LE  ,069/NM  .EL.  19DG12MN 

8 JOE  10 .  09: 38-09: 38  .LET 

RM=2.  L46KM ,SM=20 . 0000/KM  ,K=1. 000 


5  6783  10'1  2  3  4  5  6789,1^  ,2  3  4  5  67831Q1 


5  C  7  89  t  0* 


3  4  5  S789llCf  2  3  4  5S789401  2  3  4 

SIGMA,  1/KM 


ALTITUDE,  M  *10*  ALTITUDE 


ALTITUDE,  M  «10‘  ALTITUDE,  M  *10 


;  .1  I’WIIM  irr  II  A  r  <,(i^,V  N  ,  (VI>'N*;| 

<  i.;.  -/..sb 

KLETT-PR0FILE/10G0NM ,EL. 19DG12MN 

830210,  10: 31-10: 31 ,CFT 

RM=2. 670KM  ,SM=20. 0000/KM ,K=1. 000 


S  FIZ^l  ,2  ,3  ,4  psv^icf  2  3  .4  .5. 67,8310*  2  3.4  5 


SSjag'lO'1  2  3  4  5  6  789'lcP  2  3  4  5  6  789^ 

SIGMA,  1/KM 

FIG.  7.36 

'^FT-PROFILE  ,0694NM  ,EL.  19DG12MN 

830210,  10:34-10:34  ,CET 

RM=1. 525KM  ,SM=20. 0000/KM  ,K=1. 000 


5  67831^  2  3  4  5  67831^  2  ,3  4  5  6783,10 


5  6  789l10't  2  3  4  5  6  7894 (f  2  3~ 

SIGMA,  1/K 


ALTITUDE,  M  *10*  ALTITUDE 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10' 


in  i 'Hi M « in  n  a i  ( .i  iv i  , .c.'Kir  n  i  i  v" i*i  n«;i 

1  IG.  '/.  37 

kl.FTT  -PROFILE  ,0347NM  ,EL.  19DG12MN 

330:110,  10:  41-10:  41 , GET 

RM-- 1. 471KM  ,SM=20. 0000/KM  ,K=1. 000 


FIG  7  38 

KLETT-PRQFILE ,0530NM  ,£L. 19DG12MN 

830210  ,  10: 45-10: 46  ,C£T 

RM= 1 . 632KM  ,SM=20 . 0000/KM  ,K=1. 000 


ALTITUDE,  M  *10’  ALTITUDE 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10' 


ii  I'nnm irrn  a r  iiwrN i  r  vpnvj'tf 

r  IC.  7  .  3U 

KLETT-PROFILE  ,0530NM  ,EL. 19DG12MN 

831)2  10  ,  11:  40-11:40  ,CET 

RM-2 .  13 JKM  ,SM=20 . 0000/KM ,K= 1 . 000 


SG^IO"1  2  3  4  5  S  7  8SlCf  2  3  4  5S789I101  2  3  4  5 

|  l  I  111  I  1  I  I  i  t  I  I  1  1  I  I  I  I  I  I  1  I  1  III 


5S78940"1  2  3  4  5  6789llCf  2  3  4  5  678940* 

SIGMA  /  1/KM 

FIG.  7.40 

KLETT-PROFILE  ,Q347NM ,EL. 19DG12MN 

830210,  11: 42-11: 43  ,CET 

RM=2. 218KM  ,SM=20. QOGO/KM ,K=1. 000 


5  678910'1  2  3  4  5  6789,lCf  2  3  4  5  678310*  2  3  4  5 


ALTITUDE,  M  *10*  ALTITUDE 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10’ 

<0  60  BO  too  0  20  iO  BO 


m  i  itonurrn  at  (.oviitNMf  ni  >  "  i’/.i 

i  a;.  7.41 

kLETT-PROFILE ,0694NM ,EL. 19DG12MN 

830210,  11: 45-11: 45 , GET 

RM=2 . 203KM  ,SM=20 . 0000/KM ,K=1. 000 


SSVaalO'1  2  3  4  5  6783lCf  2  3  4  5  6783.101 


III  T]  A  I  1  n  '  '  I  •  '  '  '  ' 

878940  2  3  4  5  6789l!Cf  2  3  4  5  S789‘lQ 

SIGMA  ,  1/KM 

FIG.  7  42 

KLETT-PROFILE  ,1060NM ,EL. 19DG12MN 

830210,  11: 49-11: 49 ,CET 

RM=2. 548KM  ,SM=20 . 0000/KM ,K=1. 000 


5  B 7831  O'"  2  3  4  5  678310?  2  3  4  5  6789.101 


3  4  5 


5  8 789*’l0"1  2  3  4  5  6  7894c?  2  3  4  5  6789401 

SIGMA,  1/KM 


ALTITUDE,  M  *10'  ALTITUDE 


ALTITUDE,  M  *10 


in  runnurrn  ai  c.hvi  himmi  ni  i  >ti  n'-,i 
bIG.  '.'.43 

KLFTT  PROFILE  ,1060NM ,EL. 19DG12MN 

830210,  14: 10-14: 11, CET 

RM= 1 . 849KM  ,SM=20. 0000/KM ,K=1. 000 


5  6  7 8E,  1 0_1  2  3  4  5  6  789,lCf  2  3  ASSTpalO'  2  3  4  5 


SG^aa'lO-1  2  3  4  5  S-TSS'icP  2  3  4  5  6789‘lQ1 

SIGMA,  1/KM 

FIG.  7.44 

KLETT-PROFILE  ,0694NM ,EL. 19DG12MN 

830210,  14: 12-  14:  12  ,CET 

RM=1. 750KM  ,SM=20. 0000/KM  ,K=1. 000 


5  678910'1  2  3  4  5  6783lCf  2  3  4  5  678310* 


ALTITUDE,  M  *10 


ALTITUDE,  M  *10' 


m  PHonurrn  at  r.uvi  unmfni  f  v pr N5;i 

FIG.  7 . 

K  LFTT-PROFILE  ,0347NM  ,EL.  19DG12MN 

820210  ,  14: 14-14: 15 ,CET 

RM=1. 702KM  ,SM=20. 0000/KM ,K=1. 000 


5  678al0~1  2  3  4  5S7831CP  2  3  4  5  S78alO 


5  678940"1  2  3  4  5  6789'icf  2  3  4  5  6789401 

SIGMA,  1/KM 

FIG  7  46 

KLETT-PR0F1LE  ,0530NM  ,EL. 19DG12MN 

830210,  14: 16-14: 17, CET 

RM=1. 762KM  ,SM=20. 0000/KM  ,K=1. 000 


5S78al0"1  2  3  4  5  6789|1CP  2  3  4  5  6789,101 


01  2  3 


ALTITUDE,  h  *10 


ALTITUDE 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10' 


,ti  i  ,,c  irr n  a  i  < t  unmf  n i  r  -,iTNr'.i 


SIGMA/  1/KM 


FIG.  7.50 

KLETT-PR0FILE/1060NM,EL. 19DG12MN 

830210,  15: 17-15: 17, CET 

RM=2. 023KM  ,SM=20. 0000/KM ,K=1. 000 


ALTITUDE,  M  *10*  ALTITUDE,  h  *10’ 


T1TUQE,  M  .10'  ALTITUDE  /  M  *10 


7  ▼  : ' 


.*  ■  _■  .-j  w/  rt  77  ",'  i".  ir  ^.'r.'y/r  it 

m  cunnirrm  at  r,<  >vi  knmi  n  i  :  J!f  n^i 


f  li  .  7 .  33 

kLfTT-PHOFlLE  /0347NM /EL. 19DG12MN 

o30L 10  /  IB : 26- IS : 26  /LET 

RM=-1.  974KM  ,SM=20. 0000/KM  ,K=1. 000 


<Z  T  Q  "J  54 

KLETT-PR0FILE/0530NM/EL. 19DG12MN 

830210/  16: 34-16: 35  /CET 

RM=1. 830KM  ,SM=20. 0000/KM  ,K=1. 000 


<0  60  BO  100  Q  2Q  <0  60 

ALTITUDE,  M  *10'  ALTITUDE,  h  *10’ 


ALTITUDE 


\\  I  unnuri  n  At  (,<)VI  liNMI  NT  .  vfTN*;i 


kLt'T'f-  PROFILE  ,0530NM  ,EL.  19DG12MN 

090210,  17: 15-17: 15, CET 

RM;-  1.  ,77.;KM  ,SM=20.  OOOO/KM  ,K  =  1.000 


,78310'’  2  3  4  5  S  78SlCf  2  3  4  5  67831 0* 


5  @783*1^  2  3  4  5  6789‘icf  2  3  4  5  678940* 

SIGMA,  1/KM 

FIG.  7.56 

KLETT-PROFILE  ,0347NM  ,£L. 19DG12MN 

830210,  17: 18-17: 18, CET 

RM= 1 . 85 1KM  ,SM=20. OOOO/KM ,K=1. 000 


5  678310'*  2  3  4  5  678SlCf  2  3  4  5  678310’ 


5  6  789*10"’  2  3  4  5  6789!lCf  2  3  4  5  678940*  2  3  4  5 

SIGMA,  1/KM 


ALTITUDE,  M  *10 


ALTITUDE 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10 


...  v'Honi irr n  ai  c.hm  i.mmt  n i  i  *t>riMM 

!  i  , ..  /  .  I  j 

KL.ETT  I  U0FILE,0530MM,EL.  19DG12MN 

830316,  08: 57-08: 58  ,CET 

FM  •  1 . /  85E  M  ,SM=2Q. 0000/KM  ,K=1. 000 


5  6  789l10‘1  2  3 


' - '  >  I  I  1  -  n 

4  5  6789'lCf 


-i — i  i  ii  1 1 — — 

4  5  6  789*10 


“i — i — f 

3  4  5 


SIGMA,  1/KM 


MICROCOPY  RESOLUTION  TEST  CHART 

NAtlONAL  BURFAU  oi  STANDARDS  )%<  A 


ALTITUDE,  M  *10 


ALTITUDE,  M  *10 


ALTITUDE,  h  *10  ALTITUDE 


m  nioni  irrn  at  r,<  >v i  i^mtnt  r  yptn<;i 
hlG.  7.64 

KLETT-PROFILE  , 1060NM  ,EL. 35DG00MN 

830316,  09: 19-09: 20 ,CET 

RM=0. 450KM  ,SM=20. 0000/KM ,K=1. 000 


5  6  739I10'1  2  3  4  5  G  789|lCf  2  3  4  5  6  78310*  2  3  4  5 


'5  6  789  IQ"1  2  3  4*5  6789^  2  3  4  56789'l0*  2  3  4  5 

SIGMA  ,  1/KM 


FIG  7  65 

KLETT-PROFILE  ,0694NM  ,EL. 35DG00MN 

830316,  09: 22-09: 23  ,CET 

RM=0 . 450KM  ,SM=20 . 0000/KM ,K=1. 000 


5  6  78910'*  2  3  4  5  6783lCf  2  ,3  4  5678310*  2  3  4  5 


ALT 1 TUOE ,  M  *10  ALTITUDE,  M  *10' 


ALTITUDE,  tl  *10' 


uri-iiOfMirrn  at  chvi  hnmeni  ;  •  *i  Nr.t 

f  i  G .  / .  b  b 

FL.ETT-PRGFILE  ,  1060NM  ,EL.  19DG12MN 

><  50639  ,  07:  13-07:  13, GET 

PM-2. 319KM  ,SM=20 . 0000/KM  ,K=1. 000 


FIG.  7.67 

KLETT-PROFILE  ,0694NM  ,EL. 19DG12MN 

83C629  ,  07: 17-07: 17  ,CET 

RM=2 . 235KM  ,SM=20 . 0000/KM  ,K=1. 000 


o  5G78310*1  2 

o  J _ i  LJ-U _ L_ 


4  5  6  7  89il  Cf 

j _ i  i  i  -i  n _ 


2  3 

J _ L_ 


4  5 

J _ L- 


S783101 

1  1  »  I  J 


3  4  5 


I  I 


ALTITUDE,  M  *10’ 


ALTITUDE,  M  *10 


HM'nonnrrn  at  r.nvi  unment  r  <pngr,r 


(_■  T  ^  •~j  g  0 

K LFTT-PROF ILE ,0347NM  ,£L. 190G12MN 

820629,  07:20-07:20  ,CET 

RM=2. 004KM  ,SM=20. 0000/KM  ,K=1. 000 


FIG  7  69 

KLETT-PROFILE  ,0530NM  ,EL. 19DG12MN 

830629  r  07:22-07:22,CET 

RM=1. 849KM  ,SM=20. 0000/KM  ,K= 1. 000 


ALTITUDE ,  M  *10*  ALTITUDE,  M  *10 


ALTITUDE,  M  *10' 


mi  Honiinu  ai  r.ovi  bnmtni  i  vi  rN~,r 

f-  1 1 i .  7.  70 

M.hTT  PROFILE  ,0530NM  ,EL.  1SDG12MN 

830623,  08: 03-08: 04  ,CET 

RM=2 - 300KM ,SM=20 . 0000/KM  ,K=1. 000 


v  h 

t- 

-J 
< 


.KLETT-PROFILE  ,0347NM  ,EL.  19DG12MN 

830623,  08: 06-08: 06  ,CET 

RM=2 . 025KM  ,SM=20. 0000/KM  ,K=1. 000 


ALTITUDE,  M  *10 


_T I TUDE 


t,t  iMirmurrn  ai  c.ovt  i<nmi  ni  i  xrrNsr 


lb.  '  / .  /  / 

KLETT-PROFILE  ,0694NM  ,EL. 19DG12MN 

830629,  08: 10-08: 10  , GET 

RM=1. 8  18KM  ,SM=20 . 0000/KM  ,K=1. 000 


1  I  I  I  I  1  -  I  I  (I  Till  a  J  I  I  I  L  I  I  r  4  I  T  IT 

5S78940  2  3  4  5S789'lCf  2  3  4  5  678940  2  3  4  5 


SIGMA  /  1/KM 


FIG.  7. 73 

KLETT-PROFILE ,1060NM  ,EL. 19DG12MN 

830629  ,  08: 12-08: 13  ,CET 

RM=1. 711KM  ,SM=20. 0000/KM  ,K=1. 000 


SIGMA  r  1/KM 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10’ 


"T 


J  J  .  ',>"!■  "f 


1,1  rnonnrm  at  r.t >vi  unv,  r  ,  ■  vi<i  n«;i 


FIG.  7.74 

KLETT- PROFILE  ,1060NM ,EL . 19DG12MN 

0307  14,  07:33-07:34  , GET 

RM= 1 . 57GKM  ,SM=20. 000Q/KM  ,K=1. 000 


FIG.  7.75 

KLETT-PROFILE  ,106QNM  ,EL. 19DG12MN 

830714,  07 : 37-07 : 38  ,CET 

RM=1. 570KM  ,SM=20. 0000/KM  ,K=1. 000 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10' 


ALTITUDE,  M  ■10*  ALTITUDE 

<.0  £0  80  100  0  20  40 


uM’nontirrn  at  r.ovi  i-nmi  m  ■  i'vprN*;i 


\  i  0 .  ’  /  .  7  b 

kLl-'TT -PROFILE  ,0694NM  ,EL.  19DG12MN 

a 307  14  ,  07:40-07:41  ,Ct£T 

RM- 1 . 752KM  ,SM=20 . 0000/KM  ,K= 1 . 000 


f  T  n  -j  ’-I'-] 

KLETT-PROFILE  ,0694NM  ,EL. 19DG12MN 

830714,  07: 42-07: 43  ,CET 

RM=1. 560KM  ,SM=20. 0000/KM  ,K  =  1. 000 


ALTITUDE,  M  *10’  ALTITUDE,  M  *10’ 


ALTITUDE,  M  *10 


m  .mioiii irr n  ai  i  uvi  hiimi  ni  i  vi»i  n';i 

f  10.  7 . 73 

KL.LTT-I  VOh  lLE  ,063 4NM  ,EL .  13DG12MN 

3707  17  ,  03:  13-08:  17  ,CET 

PM~  1 . 7‘70KM  ,SM=20.  0000/KM  ,K=1. 000 


PTQ  7  79 

KLETT-PROFILE ,0694NM  ,EL. 19DG12MN 

330714,  08: 17-08: 18, CET 

RM=2. 047KM  ,SM=20 . 0000/KM  ,K=1. 000 


ALTITUDE 


ALTITUDE 


-■  -- — .■  ■ -1 :  rr  "  i  ■ 1  .■ 1  ■ 1 ■  .» " » ■■■■'  »  \  ■  1-. " ; ■  ■  j .  %  ■[ 

1,1  ciamuri  n  a  i  t i  1  ■, r j i  r j  •  ;  v* . 

L‘l  -  PROt-  1LE  ,  1060NM  ,EL.  20DG00MN 
3  ]  '  ]()  ,  1»-. :  53-  16 :  53  Xh T 

P.m=2.  568KM  /3M=20 . 0000/KM  ,K=1. 000 


-  T  r  Q5 

KLET~-PR0FILE  /1060NM  /EL. 19DG12MN 

331118/  13: 40-13: 41 /CET 

PM=C . SX5KM /SM=20. 0000/KM  /K=l. 000 


5  578910'1  2  3  4  5  8789,10?  2  3  4  5  678310*  2  3  4  5 

3  ■  11-1. _ I  I  I _ 1  L.  I  I  l  1  ~  I - I— - 1 - 1 — I  I  I— UJ - 1 - 1 - 1 — U  o 


ALTITUDE .  M  *10 


CD  Ll! 


!  r.}f V  if  f  f  1  A  1  (.1"  >:  ;  ;  .  1  ,  *  PJ  fyr/ 

KGK  IL£  ,  1060MM  ,GL .  20DG00MN 
'1 5 :  3  6  -  1 5  :  36  ,  C  3  T 
9KM ,SM=20. 0000/KM  ,K=1. 000 


3-5  S783lC>  2  3  4  5  6789,10 


^S^aS'lO'1  2  3  4  5  6  789 4.0°  2  3  4  5  67891101  2 

SIGMA,  1/KM 


7  *  13 

7T-PRCFILE , 1060NM ,EL. 2GDG00MN 
840301,  15:36-15:37  ,CET 
PM=Q . 762KM  ,SM=20. 0000/KM  ,K=1. 000 


5  578910 


'  2  3  4  5S~89lCf  2  3  4  5  S789101  2  3  4  5 

:  1  1  1  i  1  1  [  1  l  1  1  1  I  1  1  1  I  1  ill 


ALTITUDE,  M  *10 


il  OPH,  ) 


,  j  I'.rini  irr  n  a  i  ■  nt*  i  i jmi  r ,  >■>*•  wr.i 


1  ,*|j'r_pR0F  ILE  /  1060NM  ,EL.20DG00MN 

Q4G30  1  -  15: 35-15: 35 /CET 

RM=0. ”54KM  ,SM=20. 0000/KM ,K=1. 000 


T7_DRCff  *L£  ,  1060NM  /EL.  20DG00MN 

301/  15: 36-15: 36 /CET 

0. "S3KM  /3M=2C. 0000/KM ,K=1. 000 


'S3 


3  4  5  o " 83 1  if  2_  3  4  5iS789|10I  2  3,4  5 


t 


o 

•  o 


I  o 
*-« 

•-  8  * 

!  r 

r  uj 

!  a 

H  o  2 
|  N  t“ 


r s 


5  8~89' ' 


r  t  I  l  I  I  s 1  i  "I-  I  T~ !"  i  i  j  7  ' 

5  6 789*1 05  2  3  4  5  6789'l0  2  3 

SIGMA,  1/KM 


ALTITUDE,  M  *10 


i>i  i'fiom  trr  n  at  r.nvi  nfjMi  rj  i  i  v  j  »f  m  *;i 
lib.  '/ .  108 

K  LETT-PROF I LE  ,1060NM  ,EL.20DG00MN 

84030  1  /  15: 35-15: 35  ,CET 

RM=0. 77~KM  ,SM=20 . 0000/KM  ,K  =  1. 000 


"IG.  7.103 

KLET7-PR0FILE  /1060NM  ,EL. 20DG00MN 

8^030 1  /  15: 35-15: 35  ,CET 

PM=0. 777KM  ,SM=20. 0000/KM  ,K= 1. 000 


SIGMA,  1/KM 


•0  00  7 


t'unnnrrn  at  oovi  iinmi  ni  i  v<>rN«;i 


L  U . 
LETT 
.030 
M-0. 


.  10G 

PROFILE  ,  10G0NM  ,EL.200G00MN 
,  15 : 34- 15:34  ,CET 
77KM  ,SM=20. 0000/KM  ,K=1. 000 


-IG.  7.107 

KLETT-PROFILE  ,1060NM  ,EL. 20DG00MN 

340301,  15 : 35- 15 : 35  ,CET 

RM=0 . 775KM  ,SM=20. 0000/KM  ,K=1. 000 


ALTITUDE,  M  *10’  ALTITUDE,  M  *10 


ALTITUDE.  M  *10 


ALTITUDE 


N*f  •'ifHoi  if  r f>  a  i  f ,( ft  f  j  ' 

FIG.  7.  102 

kLETT-PPOFILE ,1060mm  ,EL.20DG00MN 

840301,  15:26-15:27  ,CET 

RM=0 . 732KM ,SM=20 . 0000/KM  ,K=1. 000 


5  678310'“'  2  3  4  5  6783lCf  2  3  4  5  678310 


5  6  78940"'  2  3  4  5  67894cf  2  3  4  5  678940* 

SIGMA,  1/KM 


*- T  G  7  -1 03 

KLETT -PROFILE  ,  1060NM  ,EL. 20DG00MN 

840301,  15:27-15:27  ,CET 

RM=C . 73CKM  ,SM=20. 0000/KM ,K=1. 000 


5  6  7  83 1  O' 1  2  3  4  5  6783lCf  2  3  4  5  678310' 


56'’89i10"'  2  3  4  5  67894  Cf  2  3  4  5  67894 0*  2  3  4  5 

SIGMA,  1/KM 


ALTITUDE,  M  *10 


ALTITUDE,  M  *10' 


m  iMinni irrn  at  » .c »v i  him  , 


'  I'l  Nr.l 


nr,,  v.  100 

KLETT-PROFILE ,1060NM  ,EL. 20DG00MN 

84030  1  ,  15: 24-15: 24  ,CET 

RM=0. 733KM  ,SM=20. OQQO/KM ,K=1. 000 


FIG  7  101 

KLETT-PROFILE  ,1060NM  ,EL. 20DG00MN 

840301,  15: 25-15: 25  ,CET 

RM=0 . 739KM  ,SM=20 . 0000/KM  ,K=1. 000 


ALTITUDE,  tl  *10*  ALT1TU0E 


.T1TU0E,  M  *10*  ALTITUDE 


ut  runnnrrn  at  r.nvi  r  v nr 


pip  'i  '-j  ^ 

KLETT-PROF ILE  ,0530NM ,EL. 20DG00MN 

340301,  14: 22-14: 23 , GET 

RM=Q. 841KM  ,SM=20. 0000/KM ,K=1. 000 


5S78910'1  2  3  4  5  6783lCf  2  3 


5  0789'lOM  2  3  4  5  S789'lCf  2  3  4  5  6789401 

SIGMA,  1/KM 


FIG.  7.99 

KLETT-PROFILE  ,1060NM  ,EL. 20DG00MN 

840301,  14:24-14:24  ,CET 

RM=0. 711KM  ,SM=20. 0000/KM  ,K=1. 000 


5  6 7891  IQ"'  2  3  4  5  6783lCf  2  3  4  5  S7831Q1 


5S789I10'1  2  3  4  5  6  7894  Cf  2  3  4  5  6789401  2  3  4  5 

SIGMA,  1/KM 


ALTITUDE,  M  *10*  ALTITUDE,  M  *10 


ALTITUDE,  M  *10' 


hi  I'Konurrn  at  novi 


hnm:  n  i  r  YPCNsr 


FIG.  7.96 

k'Lf'TT-  PROF  I LE  ,  1060NM  ,EL.  30DG00MN 

84030  i  ,  12: 14-12: lb  , GET 

RM=Q. 421KM ,SM=20. 0000/KM  ,K=1. 000 


FIG  7  97 

KLETT-PROFILE  ,0694NM  ,EL. 20DGOOMN 

840301,  14: 18-14: 18, CET 

RM=Q. 855KM  ,SM=20 . 0000/KM  ,K=1. 000 


5  6  7831  O'1  2  3  4  5  678SlCf  2  3  4  5  6789.101  2  3  4  5 

|  i  i  i  i  i _ i _  _i _ l.  _i _ L— i  x  u.  _ i _ I  .  i  l  i.  1,1,  ll _ L...  a . j _ L 


o  f  T-  n  n — zi — i - 1 — i  "T— rr  i~ri — - 1 - 1 — i — r-rrrn1  . - 1 - 1— r  , 

5678940  2  3  4 5 67894 2  3  4  5  678940  2  3  4  5 

SIGMA,  1/KM 


ALTITUDE,  M  *10 


ALTITUDE  *  M  *10’ 


ALTITUDE ,  M  *10 


TITUDE,  M  ALTITUDE 


hi  i*i nint  irr  n  ai  (.■  >vi  iinmi  n  i  i  «ti  rg'w 

KiG.  7.02 

kLE-TT  -  PROFILE  ,0530NM  ,EL.  10DG00MN 

8-0301,  12:  03- 12:  03  ,CET 

RM=0. 678KM  ,SM=20 . OOQQ/KM  ,K=1. 000 


Q  So^SSlO'1  2  3  4  5  6  7  8S 1 C?  2  3  4  5  6789.101  2  3  4  5  g 

3  |  l  1  i  n _ I  1  1 _ I  I  I  1  ll _ L. — I — i — I  I  L  1-U - 1 - 1 — i — J.  5 


21  O  I 

%  -i 


SIGMA,  1/KM 


ALTITUDE 


..TITUOE 


i;i  t’lmni irrn  at  <  <  ■  i  i;'i  .  i  r\  t  vi>rNr,! 

:  1  •  • .  ..'JO 

kL.r-  i'ROFILE  ,0694NM  ,b'L.  19DG12MN 
,  11:  05-  1  1 :  06  ,CbT 
RM-p. 670KM  ,SM=20 . 0000/KM  ,k=l. 000 


6  "89’-  O'1  2  3  4  5  S  789)10°  2  3  4  5  6789,10*  2  3  4  5 

■  .'ll  i  i  i  i  i  1 1  _n _ i _ i _ i _ i _ i  i  1 1  i _ i _ i _ i _ u 


5  6^7 89*1  O*1  2  3  4  5  6  789,ld>  2  3  4  5  6  789401  2  3  4  1 

SIGMA,  1/KM 

r:g  7  g i 

KLETT-PROF ILE  ,1060NM  ,EL . 10DG00MN 

800301,  12: 01- 12: 01, GET 

RM=0. 897KM  ,SM=2C . 0000/ KM ,K=1. 000 

56’783l0'*  2  3  4  5  6  783  Ilf  2  3  4  5  6789,10*  2  3  4  5 

i  :  i  i  i  i  i  i  i  i  i  i  i  i  i  1  i  i  i  i  i  i  i  t  it 


5  6  “39  10"*  2  3  4  5  6789'icf  2  3  4  5  6  7894  0’  2  3  4 

SIGMA,  1/KM 


ALTITUDE 


ALTITUDE.  M  «10‘  1  ALTITUDE ,  M  *10‘ 

40  80  00  100  0  20  <0  60  80  100 


ui  !>nnnnrrn  at  r.iivi  hnmi  r\r  rvnrNsr 

h  I  G .  7 . 88 

KLETT-PROFILE ,0530NM  ,EL. 190G12MN 

840228,  1 1 : 00- 11:01  ,CET 

RM=2. 400KM  ,SM=20 . 0000/KM ,K=1. 000 


5  678310'1  2  3  4  5S783lCf  2  3  4  5  878310’  2  3  4  5 


S'GTSS'lO'1  2  3  4  5  S  7894cf  2  3  4  5  G789401 

SIGMA,  1/KM 


F 7  G  7  89 

KLETT-PROFILE  ,1060NM  ,EL. 19DG12MN 

840228,  11: 03-11: 04  ,CET 

RM=2. 670KM  ,SM=20 . 0000/KM  ,K=1. 000 


5  G  789)  10""*  2  3  4  5  6789,lCf  2  3  4  5  678310*  2  3  4  5 

j  1-1  Li-1 _ I _ I _ I _ Ill'll  I  ■ _ I _ I  1  I  I  li _ '  '  ‘  I 


5  678940'1  2  3  4  5  6789‘lcP  2  3  4  56789401  2 

SIGMA,  1/KM 


40  60  60  100  °  20  *0  60 

ALTITUDE,  M  *10*  ALTITUDE,  M  *10’ 


ALTITUDE,  M  «10'  ALTITUDE,  h  »10’ 

20  30  40  50  O'- 10  20  30 


nri’nnnurrn  at  r.ovi  iinmi  ni  (  vprw.r 

FIG.  7.86 

KLETT-PROFILE  ,0347NM  ,EL. 19DG12MN 

831118,  13: 49-13: 49  ,CET 

RM=0. 640KM  ,SM=20 . 0000/KM ,K=1. 000 


5  6789,10’'  2  3  4  5  6789,lCf  2  3  4  5  8783,10'  2  3  4  5 


5  3’789l10"1  2  3  4  5  67894 Cf  2  3  4  5  678940' 

SIGMA,  1/KM 


FIG  7  87 

KLETT-PROFILE  ,0530NM  ,EL. 19DG12MN 

831118,  13: 54-13: 55  ,CET 

FM=0 . 660KM  ,SM=20. 0000/KM  ,K=1. 000 


5  8789,10’'  2  3  4  5  6  789,1CP  2  3  4  5  678910'  2  3  4  5 


5  678940"'  2  2  4  5  67894  (f  2  3  4  5  67894 O' 

SIGMA,  1/KM 


ALTITUOE ,  h  *10*  ALTITUDE 


ALTITUDE,  M  «10*  ALTITUDE 


,'i;onurro  at  r.nv  i  hnm.  ■  vi<rNr.r 


i.FTT-  PROFILE  ,1060NM  ,EL.  10DG00MN 
jk.030  1  ,  16: 36-16: 37  ,CLT 
^M=l. 233KM  ,SM=20. 0000/KM ,K=1. 000 


3  4  5  G783ld>  2  3  4  5  S7831Q1  2  3  4  5 


5  &789l10'1  2  3  4  5  6789‘lCf  2  3  4  5  878940*  2 

SIGMA,  1/KM 


FIG.  7.115 

KLETT-PROFILE  ,0530NM ,EL. 10DG00MN 

840301,  16 : 39- 16 : 40  ,CET 

RM=1. 566KM  ,SM=20 . 0000/KM ,K=1. 000 


5  678310'*  2  3  4  5S789jlCf  2  3  4  5  678910*  2  3  4  5 

3  |  4  i  I  1  I - 1 _ I _ I _ L  .1.  I  Li  i  _ L  ,  .1 _ I _ L  1 . 1  I  iJ _ L  .  l  l  |  g 


I  I  ■  I  .  T  1  T  Til  I  T  -  1  r  I  T  r  I  T  7  7  1 I  1 - 1 — 

5  G 789 4.0 1  2  3  4  5  67894cf  2  3  4  5  678340  2  3  4 

SIGMA,  1/KM 


ALTITUDE,  M  *10'  ALTITUDE 


TUilt,  M  *10‘  ALTITUDE 


m  ninni irrn  at  c.ovt  ,  r, ,  r  v p c 

I  lii.  7.116 

KLETT-PROFILE  ,0694NM  ,EL. 10DG00MN 

840301,  16: 43-16: 44  ,CET 

RM=1. 250KM ,SM=20. 0000/KM  ,K=1. 000 


FIG.  7.117 

KLETT-PROFILE  ,0694NM  ,EL. 20DG00MN 

340301,  16: 45-16: 46  ,CET 

RM=0 . 750KM  ,SM=20 . 0000/KM  ,K=1. 000 


SIGMA,  1/KM 


,,i  pnoniirm  at  r.ovi  kmmi  ni  i  vprN‘Y 

KL.FTT-  PROFILE  ,0530NM  ,EL. 20DG00MN 

840301,  16:50-16: 51,  CET 

RM=0. 700KM  ,SM=20. 0000/KM ,K=1. 000 


:'83lC  2  3  4  5  S  78! 


llCf  2  3  4  5  6783101  2  3  4  5 


-  1 

Q 

2  o  j 

^  M  I 


^  i 


5S78940'1  2  3  4  5  sVa^lCf  2  3  4  5S789401 

'  *  SIGMA,  1/KM 


FIG.  7.119 

KLETT-PR0F1LE  ,1060NM ,EL. 20DG00MN 

840301,  16:52-16:53  ,CET 

RM=0 . 700KM  ,SM=20. 0000/KM ,K=1. 000 


5  5 7831 0"1  2  3  4  5  S783lCf  2  3  4  5  S783101 


*  8  -i 


r  rni] — — i - 1 — i — i  i  i  i  i  |  n - f  .......  -  .  . 

5  878940  2  3  4  5  6789'lCf  2  2  4  5878940  2  3  4 

SIGMA,  1/KM 


ALTITUDE,  M  *10*  ALTITUDE 


ALTITUDE,  M  *10‘  ALTITUDE,  M  «10 


KLETT- PROFILE ,1060NM ,EL. 20DG00MN 

84030  1  ,  17:32-17:33  ,CET 

RM=0 , 750KM  ,SM=20. 0000/KM ,K=1. 000 


3 

<n 


5S789,lO’1  2 

j  i  1  t  I  I  _ 1 _ 


3  4  5  S783lCf 

'  i _ i  iiiil - 


FIG  7  12 1 

KLETT-PRGFILE ,0530NM  ,EL. 20DG00MN 

840301,  17 : 34-17: 35  ,CET 

RM=Q . 700KM  ,SM=20. 0000/KM  ,K= 1. 000 


SIGMA,  1/KM 


ALTITUDE,  M  »10 


FIG  7  1G1? 

KLETT  PROFILE ,0694NM  ,EL.20DG00MN 

840301,  17: 37-17: 38  ,CET 

RM=0. 727KM ,SM=20 . 0000/KM  ,K=1. 000 


5678310"'  2  3  4  5  6789,10?  2  3  4  5  6789,10' 
i  i  i  i  n _ i i i i  liiii _ i i i l  till! 


I 

1 


FIG  7  123 

KLETT-PROFILE ,0694NM ,EL. 19DG12MN 

840327,  10: 41-10: 41, CET 

RM=1. 987KM ,SM=20 . 0000/KM  ,K=1. 000 


T1TU0E,  M  *10*  ALTITUDE 


iii  I'uonurFD  at  nnvMugi.  .  ■.><  i  vrrrvjsi 

FI  z.  7.  Ik: 4 

KLETT-PROFILE  ,1060NM  ,EL. 19DG12MN 

840327,  10: 42-10: 42 ,CET 

RM=2.  107KM  ,SM=20. 0000/KM  ,K=1. 000 


5  6  7831  O'1  2  3  4  5S789,lCf  2  3  4  5  6789I101  2  3  4  5 

i  i  i  i  i  1  I  I  lliill  1  I  I  i  I  i  i  1  f  i  ii 


5  8 789*10_1  2  3  4  5  6789'lCf  2  3  4  5  S7894ol  2 

SIGMA/  1/KM 


F T  G  7 . 125 

KLETT-PROFILE  ,0530NM  ,EL. 19DG12MN 

840327,  10: 43-10: 44  ,CET 

RM=2 .  163KM  ,SM=20 . 0000/KM  ,K=1. 000 


5  8  78310"’  2  3  4  5  5783icf  2  3  4  5  678310’  2  3  4  5 


5  6789110'1  2  3  4  5  8  7894  Cf  2  3  4  5  878940’ 

SIGMA,  1/KM 


ALTITUDE,  M  *10‘  ALTITUDE,  M  *10 


ALT  II 


"V'.-"*  .  v  «...  i  -  v.  i- »- 1  •  •  jw  r-;  v 

i.i  I’uoimrrn  at  r.nvi  jmi  n  i  (  i.ki 


'i.  l::u 

kLLTT-PKUKILE  ,0634NM  ,EL. 2ODG00MN 

840404,  13:  34-13:  35  , GET 

RM=2. 3 17KM  ,SM=20 . QOOO/KM  ,K=1. 000 


5  578310'’  2  3  4  5  678SlCf  2  3  4  5  678310’ 

;  LJ-LJH _ 1  1  1  1  1  L  i  n _ l - 1 - 1 — I — L-i-XjJ _ 


Q 

03 


o 

V* 

«  a 

U3 


r 


Ui 

a 

3 


o 


a 


i 


a 


SIGMA,  1/KM 


FIG  7  129 

KLETT-PROFILE  ,0694NM  ,EL. 20DG00MN 

340404  ,  13: 40-13: 40  ,CET 

RM=2. 086KM  ,SM=20. 0000/KM  ,K=1. 000 


5  878310'’  2  3  4  5  6783lCf  2  3  4  5  578310’ 

j-„;  u - - i i i  J.  i  i,J _ l_i 1 — i.  i.j  a  u _ 


a 

a 


2  3  4  5 


CJI 


ALTITUDE,  h  «10 


in  I'nnm irrn  at  r.nvi  iinmi  mi  i  vocmc;; 
i  I  U .  I  .  V.  !b 

KLETT-FROFILE ,0530NM  ,EL.20DG00MN 

840^04  ,  13:27-13:28  ,CET 

RM=2 . 257KM  ,SM=20 . 0000/KM  ,K=1. 000 


FIG.  7.127 

KLETT-PROFILE  ,1060NM  /EL. 20DG00MN 

840404  ,  13:33-13:33  ,CET 

RM=2. 439KM  ,SM=20 . 0000/KM  ,K=1. 000 


SIGMA,  1/KM 


ALTITUDE,  M  *10: 


ALTITUDE 


,  >ni  irr  n  a  r  r.nvi  n 


:  u;.  7.  1 3-. 

KLETT  -PROFILE  ,0694NM  ,EL.20DG00MN 

9-,0-Oa,  1-1:  33-14:  40  ,CET 

~M-2. 608KM  ,SM=20. OOOO/KM  ,K=1. 000 


5  3  733  10'*  2  3  4  5  6  789,1  Cf  2  3  4  5  S7831Q1  2  3  4  5 


5  37  894  Q"'  2  3  4  5  G7894Q0  2  3  4  5S7894Q1 

SIGMA,  1/KM 

r ’r  7  -i 35 

KLETT-PROFILE  ,0694NM  ,EL. 27DG00MN 

340404,  14: 45-14: 45  ,CET 

2M=2 . 600KM  ,SM=20 . 0000/KM  ,K=1. 000 


o  3  0/ 
q  J.  1 . : 


93 10*1  2  3  4  5  6789,1CP  2  3  4  5  S789(101  2  3  4  5 


5  3 7  094c"'  2  3  4  5  S  7894cf  2  3  4  5  678940*  2  3  4 

SIGMA,  1/KM 


ALTITUDE,  M  *10’  ALTITUDE,  M  *10! 


i;<  >m  irt  ii  a  i  t  .1 1-  i  i  '-j'/j  r  j ;  i  viij  njrj 


r-  I  >-  ■ . 
fvL;  TT 

'S  4  L'  0 '  ♦ 
RM-4 .  o 


\cF I LExlOSOMM  ,F.L.  27DG00MN 
,  14: 47-14: 47  ,CFT 
30KM ,SM=20. 0000/KM  ,K=1. 000 


FIG  7  137 

KLETT-PROFILE ,0530NM  ,EL. 27DG00MN 

840404  /•  14:  49-14:  49  /CET 

PM=2. 550KM  ,SM=2Q. 0000/KM ,K=1. 000 


80  120  160  200  Q  «0  80  120  160 
ALTITUDE,  M  «10*  ALTITUOE,  M  *10’ 


Kir.  ;  N  I  I  Ypf'MSf 


Ui  mi  irr  r»  a  i  r  ;i  :v  • 


;L:- "7'T-n-ar- ILE  ,0634NM  ,£L.  07DG30MM 

340**  11  ,  13:  04-13:  04  ,CET 

~'M  3  Bo  KM  ,SM=20 .  0000/KM  ,K=1. 000 


FIS.  7.139 

KLETT-PROFILE ,1060NM  ,EL.  Q7DG30MN 

340411,  13:  10-13: 10  , GET 

4M=2. 436KM  ,SM=20 . 0000/KM  ,K= 1 . COO 


 J  *-*  CO 


,0530i  ii  '  ,i:L.  0VDG30MN 

-13: 13  ,CET 

=20 .  0000/  K.M  A'  =  1 . 000 


4  5  6  789,  lGT* 

■■  1 _ L  i-i.  .... - 


2  3  4  5  8  7  8S 1 Q1 

i  I _ i _ L  L-L-U, - 


2  3  4  5 

i - 1 - i — 1- 


toi 


.1  ti  i'  i  ^  ■  .  •  r;  i  i  '  f't  fJ'.; 


■  .  'ROFILE  ,  10G0NM ,EL . 20DG00MN 

'  ,  08:  56-08:  *:•»>  /’LL  F 

„SSKM  ,SM=20. 0000/KM  ,K=1.  000 


.5  •;  ■’ : .. 


i  5  378310*  ,2  3,4  5  679a:c1  7  3  4b 


,U~89'1CM  2  3  4  5  678940°  2  3  4  5  6789401  2  3  4 

SIGMA,  1/KM 

.  7 .  169 

m-cTT-PROFILE  ,1060NM  ,EL. 20DG00MN 
840827  ,  08: 5^-08: 57  ,CET 
RM=Q . 468KM  ,SM=20 . 0000/KM ,K= 1 . 000 


10"1  2  3  4  5  6  789lCf  2  3  4  5  67831Q1  2  3  4: 


56789GQ'1  2  3  4  5  67894 Cf  2  3  4  5  678940’  2  3  4  5 

SIGMA,  1/KM 


ITUUE 


.'run  irr  n  a  i  i ,,  i>-i  , 

1 1  i  vpf  N  ‘,r 

•It./  ’  .  It >0 

.L.L'TT-t-'RDF 

ILE , 1060NM  ,EL. 

1QDG00MN 

t-.Uo'.'7  r  0'/ 

:  15-07:  15  ,CET 

(M-0 . 3 : 5  -  A  ii 

.SM=20. 0000/KM 

,K=1. 000 

P/galO’1  j 

3  4  5  5  783  iCf  2 

_ 1  -  L  -1 _ 1  1  LI  ■ - 1 - 

3  4  5  3  789.101  2  3  4  5 

_ ! _ 1 _ 1 _ L  i  1.1,1  _ i - ! - 1 - U 

5 8  789*10'*  2  3  4  5  6789'ld3  2  3  4  5  6789*101 

SIGMA,  1/KM 


IG.  7.167 


KLETT-PRCFILE  ,1060NM  ,EL. 10DG00MN 

340827,  07: 16-07: 16, CET 

RM=0 . 352KM  ,SM=20. 0000/KM ,K=1. 000 


;"93l0M  2  3  4  5  S789lCf  2  3  4  5S7831Q1 


5  6789i'lQM  2  3  4  5  6789licf  2  3  4  5  6789401 

SIGMA,  1/KM 


ITUDE 


ALTITUDE 


'  '  I  If'!  h  AT  C,n\  |  t  i  r ;  ■  .* .  ’  ;  vpf'fvjoj 
Mb.  /.lb  *. 

KLETT  Ek'OK  ILE  ,10G0NM  ,EL.  10DG00MN 

8-.Q8C-; ,  07:12-07:  12  , GET 

EM=C. 268k 2  ,SM=20. 0000/KM  ,K=1. 000 


—  T  Q  ■y  ^g5 

KLE^T-PROFILE  ,  1060NM  /EL. 1QDG0GMN 

840827,  07: 13-07: 14  ,CET 

RM=Q . 3 15KM  ,SM=20 . 00G0/KM  ,K=1. 000 


o 


S 79910 

*  1 


ri 


4  5  6783lCf 

-i—J _ L.,,1  „1  1  1  „ 


2  3  4  5  8  7831 0*  2  3  4  5 

I  I  <11111  l  I  II 


ALTITUDE,  M  *10 


ALTITUDE,  M  *10 


ALTITUDE  /  M  *10 


• 't  j\ii  rj  i  f  v i * f  n c; i 


<  root  M*r  n  a  j  < .. » 

b  • .  ' .  U)0 

u !  .E”' 1  PROF  I LE  ,0530NM  ,EL .  19DG 12MN 
o ib  ,  09:01-09:0  1  ,CET 
RM=1.  24:1KM  ,SM=20. 0000/KM  ,K=1. 000 


SIGMA,  1/KM 


r  I G .  AG 1 

KLETT-PRQFILE ,0530NM  ,EL. 19DG12MN 

340418,  09: 02-09: 02  ,CET 

RM=1. 433KM  ,SM=20. 0000/KM  ,K=1. 000 


ALTITUDE 


ALTITUDE,  M  *10’ 


JJCO?. 


hi  ,  nnni  irrn  a  r  m  ■  ■  i  humi  n  i  i  vi'nm 
LETT- PROFILE  -0694NM  -EL.  15DG00MN 

404  1  1  ,  14: 08-14: 08 -LET 

M=0. S  10 KM  ,SM=20. 0000/KM  ,K=1. 000 


FIG.  7.157 

KLETT -PROFILE, 1060NM  -EL. 19DG12MN 

340418,  08:53-08:53  ,CET 

RM=  1 . 528KM ,SM=20 . 0000/KM  ,K=1. 000 


ALTITUDE,  (i  *10' 


TUDE,  M  «10‘  ALTITUDE 


m  i 


.onnrrn  at  r,o  i  hmm  rj  r  i 


kLfcTH'-PROFILE /0694NM /EL. 15DG00MN 

9  a  0  4  1 1  /  14: 06-14: OB /CET 

EM~0 . 8 14KM  ,SM-20. 0000/KM ,K=1.000 


o 

n 


3  4  5  6  783,'lCf 

I  I _ I _ L  1  111 - - 


4  5 


1 


FIG  7  155 

KLETT-PRQFILE ,Q694NM  /EL. 15DG00MN 

840411/  14: 07-14: 07 /CET 

RM=0 . 835KM  ,SM=20 . 0000/KM  ,K=1. 000 


ALTITUDE,  M  *10' 


in  1‘imiii irrn  at  c,h\  t  hnmini  vprMm 

i  R.  7  152 

KLETT-PROFILE  ,0604NM  ,EL. 15DG00MN 

840411,  14: 04-14; 04  ,CET 

RM=Q . 885KM  ,SM=20 . 0000/KM ,K=1.  000 


5S78310'1  2  3  4  5  6783lCf  2  3  4  5  678S1Q1  2  3  4  5 


r  1“  T  I  I  !  ’  R  I  i  i  i  iiiii  n  i  i  t  i  i  i  i  i  i  1 

5  S 789'1  O'1  2  3  4  5  6789'icf  2  3  4  5  S789‘l0 

SIGMA,  1/KM 


FTG  7  153 

KLETT-PROFILE  ,Q694NM  ,EL. 15DG00MN 

840411,  14: 05-14; 05  ,CET 

RM=0. 795KM  ,SM=20. 0000/KM  ,K=1. 000 


5  6  783l0_t  2  3  4  5  67831(7  2  3  4  5  678910*  2  3  4  5 

t  !  I  ill _ _ I _ J _ 1 _ l _ 1 _ I  1  1  l _ _ _ J _ 1 _ I _ I _ 1  i  H  1 _ 1 _ I _ I _ L_ 


LU 

Q 

2  S  -i 


T'  mi  z* — « 1 — i — rrrrn — r 

5  678940  2  3  4  5  67894(7  ‘ 

SIGMA  , 


ALTITUDE,  h  *10' 


•  I'noin icr r>  a  i  r.uvi  nrj  ■ 

i  IG.  '/.  150 

KLETT -PROFILE ,0694NM ,EL. 15DG00MN 

8404  1  1,  113:59-13:  59  ,CET 

RM=0. 870KM  ,SM=20 . 0000/KM ,K=1. 000 


5  6  789, IQ'1  2  3  4  5  6  783^10?  2  3  4  5  6783101  2  3  4  5 


i  iim  T,  i - 1 — r~ i — rii  i  I — n - 1 - 1 — i — r 't  7  i  1 1 — - - 1 - 1 — r— r 

5S789'l0  2  3  4  5  6789‘icf  2  3  4  5  878940  2  3  4  5 

SIGMA,  1/KM 

—  i  q  7  151 

KLETT-PROFILE ,1Q60NM  ,EL. 15DG00MN 

840411,  14:01-14:01, CET 

RM=0 . 817KM  ,SM=20. 0000/KM  ,K=1. 000 


5S789.10"1  2  3  4  5  S7831CP  2  3  4  5S789.101  2  3  4  5 


5  6 789 10_1  2  3  4  5  6789I1C?  2  3  4  5  6789401  2 

SIGMA,  1/KM 


ALTITUDE 


TlTUUfc 


iiiMinniirrnATr.il'.-  -n  ni  r vprNsr 
I'M'..  '/.  148 

kLETT  -PROFILE  ,1060NM  ,EL. lODGOOMN 

3404  II,  13:31-13:3 1, CET 

RM-  1. 501KM  ,SM=20 . OOQO/KM  ,K=1. 000 


578310’'  2  3  4  5  S  78S'lCf  2  3  4  5  678910'  2  3  4  5 


-j 


/5S 789*1  O'1  2  3  4  5  6789*icf  2  3  4  5  S  7894  01 

SIGMA,  1/KM 


FIG.  7  149 

KLETT-PROFILE  ,1060NM  ,EL. lODGOOMN 

8404 1 1 ,  13: 32-13: 32  , CET 

RM= 1 . 308KM  ,SM=20. 0000/KM ,K=1. 000 


5  G  7  89il  O'1  2  3  4  5S789,lCf  2  3  4  5  678al01  2  3  4  5 

•  I  !  I  1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  ll 


5S789l10*t  2  3  4  5  6789‘ld3  2  3  4  5  S789l101 

SIGMA,  1/KM 


ALTITUDE,  M  *10 


ALTITUDE 


„i  i  unntirrn  at  <'.nvi  iin  n r  i  yitn^i 

L LETT-PRGF 1LE ,1060NM  ,EL. 10DG00MN 

840411,  13: 23-13: 29 , GET 

RM=1. 434KM  ,SM=20. 0000/KM ,K=1. 000 


LU 

a 

t~ 

e- 

< 


FIG  7  147 

KLETT-PRQFILE  ,1060NM  ,EL. 10DG00MN 

840411,  13: 30-13: 30  ,CET 

RM= 1. 474KM  ,SM=20 . 0000/KM  ,K=1. 000 


ALTITUDE,  M  *10! 


ALTITUDE,  li  *10 


HI  .  ■  !I  MltK'l  H  A  1  iii'!  HflM  f!  1  |  v  |>|  M';t 

Lie.  7.1-.4 

KLETT-PRUFILE  ,'IOGONM  ,LL.  10DG00MN 
13:  25-13:  25  ,CET 

RM= 1. 452KM ,S M=20. OOOO/KM  ,K=1. OOO 


fig.  7.145 

KLETT-PROFILE  ,  1G60NM  ,EL. 10DG00MN 

8410411,  13:26-13:27  , GET 

RM=1. 558KM  ,SM=20. OOOO/KM  ,K=1. 000 


ALTITUDE.  M  *10’ 


TITUOt,  M  *10 


5  5  "99' 


3  -  5  6'T39l'l:^  2  3  iSSVSS'lO’  2  3  4  5 

SIGMA,  1/KM 


ALTITUDE,  M  *10*  0  10  20  30 

ALTITUDE,  M  *10 


5678S40M  2  3  4  5  6789'icf  2  3  4  56789401 

SIGMA,  1/KM 


ALT  I TUOL 


ki  i  ■  id  mi  irr  n  a  i  i;>  iv  i  kwi  rj  i  i  vrr  Nr>! 
i  Il2  l’/w 

KLETT  PROF I LE , 1060NM  ,EL . 20DG00MN 

040827  /  03: 00-03: 00, GET 

RM=0. 4S2KM  ,SM=20. 0000/KM  ,K=1. 000 


FIG.  7. 173 

KLETT-PROFILE  ,1060NM  ,EL. 20DG00MN 

840827,  08: 01-09: 01, CET 

RM*0. 477KM ,SM=20. 0000/KM ,K= 1. 000 


ALT JTUOE ,  M  ALTITUDE 


1TUDE 


ALTITUDE 


rmmtirf  n  ai  (  i<»  .  t  ».j|  \  viv  n^J 


ALTITUDE 


t  IG.  179 

kLETT-PROFILE ,0530NM ,EL. 20DG00MN 

8^0827  ,  09: 08-09: 09, GET 

RM=0. 456KM  ,SM=20. 0000/KM  ,K=1. 000 


SIGMA,  1/KM 


"IG  7  179 

KLETT-PROFILE ,0530NM ,EL. 20DG00MN 

840827,  09:09-09: 10, CET 

RM=0. 460KM  ,SM=20. 0000/KM ,K=1. 000 


SIGMA,  1/KM 


ALTITUDE 


t  t  rHOOlHTn  A1  ( i<  » v  i  urj:7nf.;i  j  vpf 


I  [  i . .  .  liiO 

K.iTT  PROFILE  /0530NM  ,EL.  20DG00MN 

U-0H27  ,  09:  10-09:  1 1  ,CET 

RM=0. 494KM  ,SM=20. 0000/KM  ,K=1. 000 


Tjrrm  : I I r  i  i  r  r  .  r  ('LL1  LL  i 

SGIBS'IO'  2  3  4  5  6789‘lCf  2  3  4  56789'lQ 

SIGMA,  1/KM 


CTQ  7  19 1 

KLET7-PRGFILE  ,0530NM  ,EL. 20DG00MN 

340827,  09: 11-09:  12  ,CET 

RM=0. 561KM  ,3M=20. 0000/KM  ,K=1. 000 


120  160  200 


i ..mi irrn  ai  i,  .nr  ■  i  v i*f  Nr.i 


r  I  .KTT  -  P  Kill-'  I  LE  ,0530NM  ,EL.  20DG00MN 
8~082'/,  I  1:00-11:  01, GET 
RM=0.756KM  ,SM=20. 0000/KM  ,K=1. 000 


5 '■gal  O’1  2  3  4  5  6789,10°  2  3  4  5  6789,101  2  3  4  5 

i  1  ■  i  I  i  i  :  l  l  i  t  I  I  I  1  i  i  1  i<i 


. 

i 

1 

1 

5  678940'1  2  3  4  5  6789'icf  2  3  4  5  678940* 

SIGMA,  1/KM 


I  I  O 

4  5 


FIG.  7.184 

KLE7T-PR0FILE  ,1060NM ,EL. 20DG00MN 

840827,  11: 03-11: 03 ,CET 

FM=0. S56KM  ,SM=20. 0000/KM ,K=1. 000 


5  6  78alQ'1  2  3  4  5S783lCf  2  3  4  5  6  7  83  IQ1  2  3  4  5 


5  6789'lCT1  2  3  4  5  67894^  2  3  4  5  6 7894 0*  2  TTs 

SIGMA,  1/KM 


ALTITUDE 


l  a;.  /.  lti'j 

{■  LETT  PROFILE  .  IQSONM  ,F! . .  LODCOOMN 

«**0U27  -  11:  04-1  1 :  04  ,OiT 

RM  =0. "74KM  ,SM=20.  OOOO-'KM  ,K=1. 000 


5  8  78310’*  2  3  4  5  6789^1Cf  2  3  -.  5  6789,lQl 

- — i_J_U _ 1 _ *.  1- .1— X.1,4,  j . _ \  X  •-  t .  _L  l .  l.  1  1. 


CTQ  ~  186 

KLETT-PROF I LE  ,  1060NM  /EL . 20DG00MN 

S4C82'7/  13:25-13:25  /CET 

RM= 1 . 5S3KM  ,SM=20 . 0000/KM  ,K= 1 . 000 


2  3  4  s  s^saltf 

J _ I _ i _ 1-1  1  U  L  ■  —  . 


2  3  4  5  6  78310* 

J - 1 - 1 _ L-i-i-J-Jj - 


i  i  '  I  1  -  (  >  »  \  >  i  f  (  n  i  i  i  i  frill  « 

5  8  783 4.0  1  2  3  4  5  6783*1^  2  3  4  5  6789*10 

SIGMA/  1/KM 


JOE 


i,i  t'Kiiniirm  ai  cuAiurc.  wi  i  vpr  nm 

■  i 1  .  ' ; .  i 

ki.:  ;  U’UFILE  ,1060NM  ,FL.  20DG00MN 

•!  ,  1  3:  28-  13:  28  ,i  L  T 

••:2  =  l.bOOKM  ,SM=2Q. 0000/KM ,K= 1.000 


VAn-galC1  2  3  4  5  6"83l(f  2  3  4  5  6:’89,10l  2  3  4  5 

!  .  1  :  L  i  i  _ 1 _ 1 _ I _ L _ 1 _ 1-  L.j-I _ 1 _ 1 _ 1 _ L 


5  5  739'^Cf1  2  3  4  5  6789‘lrf  2  3  4  5  67894Q1  2  3  45 

SIGMA,  1/KM 


r  t  Q .  7  188 

KLE7T-PR0FILE  ,1060NM  ,EL.20DG00MN 

840827,  13:29-13:29  ,CET 

RM=1. 617KM  ,SM=2C. 0000/KM  ,K  =  1. 000 


5S"89,10'’  2  3  4  5  S  783lCf  2  3  4  5  878310’  2  3  4  5 


5  878940'1  2  3  4  5  6789lld3  2  3  4  5  678940* 

SIGMA,  1/KM 


ALTITUDE /  M  *10*  ALTITUDE 


ALTITUDE,  M  *10 


m  ;  i:«>nurrn  ai  <;o\  ,  ••  .  .  gi  i  vj»i  n-,i 

i  -r..  7.191 

m'.FTT-PROFILE  /-0530NM  ,FL.  20DG00MN 
SuOH  .'/r  13:  35-13:  36  ,ChT 

1.7B0KM  ,SM=20.  OOOO/KM  ,K=1. QQQ 


5 


1C'1  2  3  4  5  6  789,1  Cf  2  3  4  5  6783101 


uj  ; 

a 

2  o  ’ 

f-*  ^  i 


UHs'kT  2  3  4  5  6  7as‘lCf  2  b  k  5 

SIGMA,  1/KM 


-10.  7. 132 

KLETT-PROFILE  ,0694NM ,£L.20DG00MN 

840827,  13:39-13: 40  ,CET 

RM=1. 700KM  ,SM=20. 0000/KM ,K=1. 000 


5  67831G'1  2  3  4  5  S789,lCf  2  3  4  5  67831Q1 


5  6789  IQ'*  2  3  4  5  6789'lCf  2  3  4  5S789M0 

SIGMA,  1/KM 


ALTITUDE,  M  *10' 


ALTITUDE,  M  *  10'  ALTITUDE,  M  »10' 


I'lilMilimi  M  jff.l  ■'  !  IiMMI  rj  I  I  VIM  A|';| 


i  1C.  7  .  133 

Fl.FTT  I  HOFILE ,'1060NM  ,FL. 20DC00MN 
,  08:  13-08:  To  ,ChT 
RM=3. GOOKM ,SM=20. 0000/KM  ,K=1. 000 


FIG  7  194 

'KLETT-PROFILE  ,0694NM  ,EL.  20DG00MN 

840829  ,  08:22-08:23  ,CET 

RM=3. 975KM  ,SM=20. 0000/KM  ,K=1. 000 


SIGMA,  1/KM 


5 


80  120  160  200  0  40  80  120  ISC  200 

ALTITUDE,  M  *10’  ALTITUDE,  M  *10* 


.i  '  ,nni  in  n  a  i  c.uvi  i it 


I  vi-i  m«-| 

f  ir..  ' >  .  U )' ) 

kU  TT-r'ROi-  iLE  ,1060NM  ,EL.  19DG20MN 

8^  1908,  0:3:  19-09:  20  , GET 

EM  0. 0 19 K  M ,SM=20. 0000/KM  ,K=1. 000 


5  5  "’33  1C*'  2  3  4  5  8  7  83 1  Cf  2  3  4  5S78ST101 

«.  :  _ i ■  1  L- L-L-L-Li _ i _ I _ i I— L- L-LJ-J _ 


FIG.  7.196 

KLETT-PROFILE ,1Q6CNM  ,EL. 19DG20MN 

841008  ,  09: 22-09: 23  ,CET 

PM=2. S7QKM ,SM=20. 0000/KM  ,K=1. 000 


378310"1  2  3  4  5  S  783lCf  2  3  4  5  678310*  2  3  4  5 

— i— .»  J - - - i _ 1 _ 1 _ L-L-L-Ll  i  i  i  i  -LL.nl _ i - i-  i  { 


SIGMA,  1/KM 


ALTITUDE,  M  *10 


u  I’MmiKTH  Ai  I'.fiyi  I.  v;  I  v pf 

I'J” 

•  . -  :’;V;JFILE  ,  1060NM  ,i'\ . .  19DC20MN 

:  .Lb  ,  1  1:  13-  11:20  ,CL'T 
>M  -2. 8~0’-  M  ,SM=20 . 0000,  KM  ,K=1.  000 


3  -Do 


’83lCf  2  3  4  5  S789l101  2  3 


i — i  I  M  : - 1 - 1 - 1 — ; — I  ■  i  i  i  n  !  r  i  i  i  '  tt  .  i  i 

0  2  3  4  5  6  789  1Q°  2  3  4  5  6789I1Q  2  3 

SIGMA,  1/KM 

-  '  2  n  9  o  g 

KLET--PRCFILE  ,1060NM ,EL. 05DG00MN 

341012,  08: 10-08: 10  , GET 

EM=2 . 053KM  ,SM=20. 0000/KM  ,K=1. 000 


0  5  3”3SlQ"‘  2  3  4  5  678310°  2  3  4  5  S  TBSilO1  2  3  4  5 


!  £ 
r  ? 


ALTITUDE,  M  *10 


rlJt'MU  H’l  M  At  <  ,i  ■>.  i  KfJMT  ( J  i  I  *  i*f  N«;f 


Ul:  I LT£  ,1060NM  ,L‘L.  '30DG00MN 
11:  21-  12:  2  ,  i  .  ■  7 
kM*,SM=2o!  0000  KM  ,k=1.000 


3  4  5  6'78alC?  3  3  4  5S7831Q1 


5>'’89,10  2  3  4  5  8 789  ^(J  2  3  4  5  S789'l0J 

SIGMA,  1/KM 


<LET7-PR0FILE  ,1060NM  ,EL. 30DG00MN 

3-1203,  12: 22-12: 22, GET 

PM=  1 . 2-5KM  ,SM=2C.  0000/KM  ,K='l.  000 


sa^galO'1  2  3  4  5  678S103  2  3  4  5S799,101 


O  '  1  ;  I  ; 

5  8-89KQ  ‘ 


3  4  5  6  789 M Cf  2  3  4  5S789M01  2  3  4  5 

SIGMA,  1/KM 


°i  jjtJ ' 


i  i  i  i.i  mi  irr  i>  a i  < .<  >vi  i ; i  i.-.-n  n  i  i  n1-.! 


:  d 

r  -r  r\GK  I LE  ,  1060NM  ,t£L .  30DG00MN 
OJ,  12:  13-12:  13  , GET 
. 236KM ,SM=20. OOOO/KM  ,K=1. 000 


'Sal,:"1  2  3  4  5  S',89|lU 


I 

r 


'89 


10 


"i — i — rr 'H  1 1 - — 

3  4  5  6789*10 


“i — i — r 
3  4  5 


-1 — r  t  rm — r* 
4  5  6  789*1C? 


SIGMA,  1/KM 


G  ”  239 

Et"~pr0FILE  ,1060NM  ,EL. 30DG00MN 
1203,  12: 20-12: 20, GET 
=  1. 234KM ,SM=20. OOOO/KM  ,K=1. 000 


,  5S',89l0‘1  2  3  4  5  6789lCf  2  3  4  5  S789.101  2  3  4  5 

>  -1 — ■■■■  i,u - 1 - ; 1 — i — i  i  Lxi - - - i i i i  L-U .1 _ i  i  i  |.. 


SIGMA,  1/KM 


.•Ronurrn  ai  c.ov i  mnmcnt  fxpfnsf 


.  j  ■  *  ,,  o  ^ 

Li-'TT -PROFILE  /•0694NM  ,EL.  30DG00MN 
34  13  03  ,  1 1 :  46-  1 1:  46  ,CET 
RM=  1.  'EM  ,SM=20. 0000/KM  ,K=1. 000 


2  3  4  5  s?aslCf  2 

i  -  : i i li - 4_ 


3  4  5  5  789.101 

■  ’  i _ L  L-LX-1 - 


2  3  4  5 

J - i 1 — 4 


o 

o 


r  § 


FIG.  7 . 237 

KLETT-PRGFILE ,0694NM  ,EL. 20DGG0MN 

841203,  11: 56-11: 57 /CET 

RM=0. 780KM  ,SM=20. 0000/KM  ,K=1. 000 


c 


O 

r* 

« 


2: 


Ui 

Q 

Z) 

fc- 

«- 

-1 

< 


LTITUDE.  h  M01 


ALTITUDE 


lit  I'iiOMI  irru  at  (,( I>,  I  m-M 


i  Vfl  N'T 


1  LETT -PROFILE  ,0694NM  ,EL. 30DG00MN 

o-  1 0.0  3  ,  11:  43-  11:  43  ,CET 

RM=0. 762KM ,SM=20. 0000/KM  ,K=1. 000 


5  6  79al0"1  2  3  4  5  8  7831  Cf  2  3  4  5  6783101  2  3  <.5 

o  „ — L,  - J - l 1 1 L-L-Li  I _ 1 _ I I I 1  1  I  J _ :  1  :  : 


r  I G.  7.235 

KLETT-PROFILE  ,0694NM  ,EL. 30DG00MN 

841203  ,  11: 44-11: 44  ,CET 

RM= 1 . 209KM  ,SM=20. 0000/KM ,K=1. 000 


5  8 '’8910* 

r  -  L  '  111 


3  4  5  6 


-J _ L 


6  7  89.1  Cf 

till! 


?  ssva^io1  2  3,4 


i 

h 


i 

» 


o 

T-* 

M 


UJ 

Q 

3 

(- 

t- 

-J 

< 


ALTITUDE 


1. 1  i-uoniirrn  At  r.i>vi  i<nmi  ,i  f  »  rw'i 


r  rG  '!  2  32 

KLETT-PROFILE  /1060NM  ,EL. 10DG00MN 

84  1203/  11: 00-11: 00 /CET 

RM=  1 . 4S3KM  /SM=20 . 0000/KM  ,K= 1 . 000 


5  S  7  33, 1 1  2  3  4  5  6  7  89, 1  Cf 


2  3  4  5 S 78 

'  i i i  i.ii 


9,1  Q1 


2  3  4  5 

J _ I _ l L  g 


r  5 


FIG.  7.233 

KLETT-PROFILE  /0S94NM  ,EL. 10DG00MN 

341203/  11: 40-11: 40 /CET 

RM=1. 564KM ,SM=20 . 0000/KM  /K=l. 000 


5  6  '7  891  O'1  2  3  4  5  S783lCf  2  3  4  5  6789.101  2  3  4  5 

o  |  l  [  ;  l! _ L_  i _  j _ LI  LjUJ _ i  i  i  l  l  i  i  j  I  i  1  1  |  o 

■n  n  i  io 


1 1  voo 


.  nimrrn  ai  r;i  •  v i  numi  n  i  ;  vi'i-Mr 


y  :g.  '' 

K'LhlTT- 
841116 
R[*=0.  " 


.  226 

r-'RGF  I LE  r  1060NM  ,t£L.  10DG00MN 

,  12: 34-12: 35  ,C£T 

17KM ,SM=20. 0000/KM  ,K=1. 000 


S~99  10  '  2 


3,^5  6  79^  ?  3  4  5  6783101 


2  3  4  5  2 

J _ L I L  O 


ID 

a 

Z) 

e- 

t- 

< 


ALTITUDE 


120  160  200  0  40  60  120  160  200 


hi  iMioni irrn  ai  c.ovi  i<nmi  m  ■  •rYNr.i 
r  IG.  ".224 

kLETT-PROFILE ,1060NM ,EL. 10DG00MN 
841116,  12: 32-12: 33 ,CET 
RM=0.627KM  ,SM=20.G000/KM ,K=1.000 


5  678310"'  2  3  4  5S783lCf  2  3  4  5678310'  2  3  4  5 


5  6  7894 O'1  2  3  4  5  6  7894#  2  3  4  5  67894 0* 

SIGMA  ,  1/KM 

rIG  n  225 

KLETT-PROFILE ,1Q60NM  ,EL. 10DG00MN 

841116,  12: 33-12: 34  ,CET 

RM=0 . 729KM  ,SM=20. 0000/KM  ,K=1. 000 


rssio'1  2  3  4  5  6 783lCf  2  3  4  5  678310'  2  3  4  5 


5  6 7894 O'1  2  3  4  5  67834cf  2  3  4  5  678940'  2  3  4 

SIGMA,  1/KM 


120  160  200  0  <0  80  120  160 


ALTITUQt 


,i  i  KDni irrr>  At  r;n<'i  iinmi  ni  i  -irrr.i 


>  l  I  •  .  /  .  ........ 


/LETT -PROP  ILE  ,0694NM  ,h'L.  10DG00MN 

o'  i  i  i  q  -i  ■;> .  o  a  _  -i  o  ■  °  q,  r  c  t 

RM=0  ' 529KM‘,SM=20‘.  OOQO/KM  ,K=1. 000 


5  6  "89,10'  5  3  4 


llCf  2  3  4  5  6 7 83,1  Q1  2  3  4  5 


i  ?  :  TT7 - : - 7 - 1 - 1 — I — fill  n 

oS^S^IO  2  3  4  5  6783'icf 

SIGM 


rIG.  7.223 

KLETT-PROFILE  ,0694NM ,EI 
341116,  12:  29-12:  29  ,CE’ 
RM=Q. 528KM  ,SM=20 . 0000/! 


5  S  789'10"'  2  3  4  5  8  789  |  cf  2  3  4  5  S789401  2  3  4  5 

SIGMA,  1/KM 


«  *•  ’■  A 


miMinni  jo  n  a  i  i.nvi  mw«./n  ni  i  vi-i  mm 
(•I,:.  7.220 

kLETT -PROFILE  ,C694NM  ,EL.  10DG00MN 

84 1 1 1G  ,  12 : 26-  12 : 2G  ,CLT 

RM=0. S94KM ,SM=20. 0000/KM  ,K=1. 000 


5S7891CT1  2  3  4  5  6783lCf  2  3  4  5  678310*  2  3  4  5 


5,678940'*  2  3  4  S6789*l(f  2  3  4  5  678940 

SIGMA,  1/KM 


FIG  7  221 

KLETT-PR0FILE  ,0694NM  ,EL.  10DG00MN 

841116,  12 : 27- 12 : 27  ,CET 

RM -0 . 550KM  ,SM=20. 0000/KM  ,K  =  1. 000 


5  578310’*  2  3  4  5  S783lCf  2  3  4  5  678910* 

1  *  L-L-U 


SS^SS'lO’1  2  3  4  5  67894c f  2  3  4  5  8789*10 


ALTITUDE 


i,!  i ■  i  ,  mtirrn  at  <.<>vi  i.mu  Nt  i 

■j  ■  '  i  8 

.  L‘  ■  -PROFILE  ,0694NM,FL.  10DG00MN 

84  1  1  10,  12:20-12:2 L,CtT 

RM-0 . S37KM ,3M=20. 0000/KM ,K=1.  000 


6"8sl0‘  2 


;789,icf  2  3  4  5  6  7  89, 1  Ql  2  3  4  5 


Q 

g  1 


5  o  7,894 O*1  2  3  4  5  67894  C?  2  3  4  5  6789401  2 

SIGMA  ✓  1/KM 


FIG  72 19 

KLETT-PROFILE  ,0694NM  ,EL. 10DG00MN 

841116,  12: 24-12: 25 ,CET 

RM=0 . 565KM  ,SM=20 . 0000/KM ,K=1. 000 


5  8  78910"'  2  3  4  5  6783lCf  2  3  4  5  6789101  2  3  4  5 


I  I _ 1 _ 1  11 


5  6  7894  0"1  2  3  4  5  67  894 

SIGMA 


ALTITUDE,  M 


ALTITUDE,  M  ALTITUDE,  M  *10’ 


m  i  iionnrrit  ai  f.i  >v  •  1,1  jvii  N  ■  vr< 

■  If'.  " .  2  i  j 

kLETT-RROF I LE  , 1060NM  ,FL. 20DG00MN 

3  . 1104  ,  03:  11-03:  11  ,CET 

RM=1. OOOKM ,SM=20 . 0000/KM  ,K=1. 000 


CI3  n  2/,7 

KLET^-PROF I LE  ,  1060NM  ,EL . 10DG00MN 

341116,  12: 19-12: 19,  CET 

RM=0. 4^5KM  ,SM=20. 0000/KM  ,K=1.  000 


ALTITUDE,  M  *10’ 


ALTITUDE,  II  *10 


.  .  r.  oonrr n  at  <;<j\  r ; r j t*/* *  i  i  vprN*u 
1  I .  ■ .  '  .  .1.3 

Kl.KTT- -PROFILE  ,1060NM  ,FL.  20DG00MN 

8-  1  10*.  ,  03:  03-09:  09, GET 

RM--0 . 880k  M  ,SM=20. 0000/KM  ,K=1. 000 


5  £"39110"*  2  3  4  5  o  7  8S,  10°  2  3  4  5  S789.101  2  3  4  5 

3  T  i-^- - ! - - i - i - 1 - 1  I  M  1 - 1 - 1 _ I _ I _ L  I  1-1-1 _ I _ L  1 _ L_ 


FIG.  7  2 14 

KLETT-PROFILE , 1060NM  ,£L. 20DG00MN 

841104  ,  09: 10-09: 10  ,CET 

RM=0. 957KM  ,SM=20 . QOOQ/KM  ,K=1. 000 


ALTITUDE,  M  *10‘  ALTITUDE,  M  *10! 


■  .t  i  .ionurr  n  a  i  < ;<  »v i  hn.  •  i  i  vpi^rj 
r  ■  r  ^  7  • »  j  [ 

k^-'T  r-1  PROFILE  /•0530NM  ,1  L.20DG00MN 
b..  L  '0-.  ,  03:07-09:  0"  ,G/T 

.  ‘jb?1"  M  ,SM=20 . 0000/  KM  ,K=  1 . 000 


SIGMA,  1/KM 


p  J  *7  O 

KLETT-PRCFILE ,0530NM  ,EL. 20CG00MN 

84110-  ,  09: 08-09: 08  , GET 

RM=0. 930KM  ,SM=20 . 0000/KM  ,K  =  1. 000 


5  379910'1  2  3  4  5  678Sltf 

o  >  i  .  .M  i  _ l  1 i 1  t  >  i  i  L  , 

s>  | 


2  3  4  5  8  78310* 

J _ 1 1 i L  l  1-1_1 _ 


ALTITUDE,  M  *10’  ALTITUDE,  M  *10! 


ALTITUDE,  II  MO 


i,'  I  lit  inuri  n  A  1  (,i  IV  I  IINi'.li  Ml  I  «  i'l  K'-.i 


FIG.  7 . i F : :  i 

KLETT-PROFILE  ,1060NM  ,EL. 05DC00MN 

841012  ,  08: 11-08: 11  /GET 

RM=2.  397K.M  ,SM=20. 0000/KM  ,K=1.000 


t  r  r  t  «  t  A  f  i  i  I  ]  iiii  a  i  i  iiiiii  -  i  i  it 

5  6789*10  2  3  4  5  6789‘icf  2  3  4  5  6789*10  2  3  4  5 

SIGMA  /  1/KM 


—  I q  <  7.2 10 

KLETT-PROFILE  ,0530NM  ,EL. 20DG00MN 

341104,  09: 06-09: OS  ,CET 

PM=0. 958KM  ,SM=20. 0000/KM  ,K=1. 000 


i  I  i  t  I  _a  i - 1 - i  i — ITT  - n - i i 1  i  nrn  :  i - 1  i — r 

5  6789*10  2  3  4  5  6789*icf  2  3  4  5  6789*10  2  3  4  5 

SIGMA,  1/KM 


,-IJ  UJ 


i : r  I  iinm  !P!  n  A  1  «  .1  I  •  J  |?|.,  . 


t  vprr/  f 


ku:;T  -  f: HCf  ILE  r  10GQNM  ,EL.  30DG00MN 

c  '  >ry  <  i  ■  » .  1  ■">  •  oo  rt_  t 

RM-1. 225KM^SM=2o!  0000/KM  ,K=1. 000 


t 


3  -  5  8783icf  2  3  4  5  6783'iO1  2  3  4  5 

!  l  I  l  L  U _ 1 1 I I >  1  I  1  i _ 1  ...  J I L 


3  6  vas'^o"1 


i  "i  -  r  i  r~i  i  |  n  "t 

3  4  5  67834(7  2 


n — i — rTTT  1 1 — r 
3  4  5  6  78940 


SIGMA,  1/KM 


3  4  5 


- r  r  243 

,lE","'-PRCF  ILE  ,  1060NM  ,EL.  30DG0CMN 

-  1203  ,  12: 25-12:25  ,CET 

M=l. 25"KM ,SM=20. 0000/KM  ,K=1. 000 


n 


3  4  5  678310°  2  3  4  5  S783101  2  3  4  5 

j _ i _ i _ i  l  i  n _ i _ l _ 11  i  *  i  1 1  i _ i _ i — i- 


,i  *mmnrrn  ai  r.ovi  mnmi  ..  . 


;;i  1’ 

Itlllll 

Iff  1) 

A  !  COVI 

!,  1  '■H  N'  l 

.  1  -♦  o 

»'0FI 

1  C* 
1,1-  / 

053 

ONM  ,FL. 

30DG00MN 

12: 

^  b  “ 

1 2 : 

4  b  r  C  t"! 

3KM  , 

SM  = 

20. 

0000/KM 

o 

o 

o 

• 

. — i 

ii 

74 

V 

3  4 

5  67 

'  83 1 QJ  2 

3  4  5  6  7831 Q1 

2  3  4  5 

_ 

X- - J _ 

1.  J  ■  L. 

l.L  1 _ 1  t-  1 _ 1  1  1  1  1  i _ l 

- i — •—+- 

40_t  2  3  4  5  6 789M  (]f  2  3  4  5  6783*10 

SIGMA  r  1/KM 


.  ^.247 

TT-PRCFILE /0530NM  ,EL. 30DG00MN 

203  a  12:  47-12: 47  , GET 

1. 095KM  r3M=20 . 0000/KM  ,K=1.  000 


,10M  2  3  4  5  6789,l(f  2  3  4  5  5783,10: 


5  8  789*10  2  3  4  5  6789'lCf  2  3  4  5  6789*10  2  3  4 

SIGMA  r  1/KM 


ALTITUDE 


5  o  789  10'"'  2  3  4  5  6789'lCf  2  3  ^  5  6789‘l01  2  3  4  5 

SIGMA,  1/KM 

p  r  p  p  2^ \ 

KLETT-PROFILE  ,0694NM  ,EL. 30DG00MN 

34  1203,  13: 03-13: 03  ,CET 

PM=0 . 862KM  ,SM=20. 0000/KM  ,K=1. 000 


i  '789t10”a  2  3  4  5  6  789|10°  2  3  4  56789.101  2  3  4  5 


5S789'10  2  3  4  5  S  789 


ALTITUDE 


iti  ritnnnrrn  Ar  < , ( * ,i  i  .  .,rrii  f 


.352 


KLETT  -PROFILE ,0694NM  ,EL. 30DG00MN 
84 120 3,  13:04-13:00  ,CET 
RM=0."744KM  ,SM=20. 0000/KM  ,K=1.000 


5  S 78310' 1  2  3  4  5  6789,lif  2  3  4  5  6789,10 


.  ,  i 1  i  rrm  ^  i  i  r  1111  .  i  iti 

5  678940  2  3  4  5  6789'lCf  2  3  4  5  678940  2  3  4  5 

SIGMA,  1/KM 


FIG.  7.253 

KLETT-PROFILE  ,0634NM ,EL. 30DG00MN 

341203,  13: 05-13: 06 ,CET 

RM=0 . 688KM  ,SM=20 . 0000/KM ,K=1. 000 


Bo^aalO"1  2  3  4  5  678810°  2  3  4  5  6783101  2  3  4  5 


ALTITUDE,  M  *10’ 


-/rn 


in  I'nomirrn  At  «.n\  i  ...  .mi  ,  xi-r  n*u 

FIG. 

KLETT  -FFUFILE  ,0634NM ,EL. 30DG00MM 

8**12QJ,  1.3:  06-13:  OB  , GET 

RM=0 .  o'7-;!'  M  ,3M =20. 0000/KM  ,K=1. 000 


5  6  783  10' 


345 S 78310 


3  4  5  678310  2  3  4  5 


5  67894  0'’  2  3  4  5  67894 tf  2  3  4  5  678940’  2  3  4  5 

SIGMA,  1/KM 


t  r  ~T 

L  '  J  •  •  w.  ^ 


LE^T-PRCFI'-E  ,0634, NM  ,EL.  3CCG00MN 

'  ■<  ^  .  P  "  f  £  IT  'n 

. M=C2  SOCK M ',3M=20 !  OCCO/’/M  ,K  =  1.000 


’83 1C* 


3  4  5  6 


783'ltf  2  3  4  5  6  7  83 1  O’  2  3  4  5 


m  ninmifTD  at  c,i»vi  unmi  nt  i  v»  i 


;  •  .  «  .JO 

-  LE^T -PROFILE  ,068-.r.M  .EL.  30CG00MN 

341203.  1 0 : 08- 13:  08  .GET 

RM=o .  84  [I-  M  ,SM=20 . 0000/KM  ,K=  1 . 000 


5  J  1  3  -.  5  6733,10°  2  3  4  5  6783,  IQ1  2  3  4.5 

-2  ^ - - - 1 i 1 — L  i  i  -L-. - J - 1 1 1 — li  li  1 _ i  i!i  o 


FIG.  7.257 

KLETT-PROFILE  .0634NM  .EL. 10DG00MN 

841204,  11: 04-11: 04  ,CET 

RM=Q. 720KM  ,SM=20 . 0000/KM  ,K=1. 000 


ALT1TI 


ALT  I TUUE 


.i  rnoniirrn  at  <.nvi  u nm;  n«  ;  vr'Mvr.i 


KLbTT  -PROF  L LE  ,0694NM  ,EL.  10DG00MN 

t3-.i20~,  11:  04-11:  05  .GET 

RM--0 . 747KM  ,SM=20 . OOOQ/KM  ,K=1. 000 


7  i  :  ciR7nalCf)  2  3  4  5  S 7 83 10 


aa'lO"1  2  3  4  5  6 789'icf  2  3  4  5  878940* 

SIGMA,  1/KM 


FIG  7  259 

KLETT-PROFILE ,0694NM  ,EL. 10DG00MN 

841204,  11: 05-11: 06  ,CET 

RM=0 . 724KM ,SM=20 . 0000/KM  ,K=1. 000 


5S78910'1  2  3  4  5  6783lCf  2  3  4  5678310* 


5  678940'1  2  3  4  5  67Bs4tf  2  3  4  5  678940* 

SIGMA,  1/KM 


E  °  1 

■2 1 


ALTITUDE 


hi  i  onnrrn  at  r.ovi  m:.;  \ir  i  vr>f n''.i 
I  1 1,.  '.260 

KLETT- PROFILE  ,0694NM  ,EL.  10DG00MN 

94  120-.  /  11:  06- 11:  07, GET 

RM-0. 655KM ,SM=20. 0000/KM  /K=l. 000 


FIG.  7.261 

KLETT-PROFILE ,0694NM  ,EL. 1QDG00MN 

841204,  11: 08-11: 08  ,CET 

PM=0. 718KM  ,SM=20. 0000/KM  ,K=1. 000 


SIGMA,  1/KM 


160 


TUDE  ,  M 

120  160  200 


ALTITUDE 


ALTITUDE 


i  I’nnmirrn  ai  <,' . >vi  .  MiiviMNsr 

/ .  264 

LETT-  PROFILE  ,0604NM  ,EL.  10DG00MN 
1130..  ,  11:24-11:24  ,CET 

2  -0 .  70-3KM  ,SM=20 . 0000/KM  ,K=  1.000 


b  '8310'1  2  3  4  5  678310  2  3  4  5  678310 


5  678940'1  2  3  4  5  6789*1  (f  2  3  4  5  678940* 

SIGMA  ,  1/KM 


r  T  Q  '7  265 

KLETT-PRQFILE  ,0634NM  ,EL. 10DG00MN 

841204,  11s 25-11: 25 /CET 

RM=0 . 702KM  ,SM=20 . 0000/KM ,K  =  1.  000 


;S783lO'1  2  3  4  5  6783lCf  2  3  4  5678310* 


5  6 789'1 0"1  2  3  4  5  6 7894 Cf  2  3  4  3  878940*  2 

SIGMA,  1/KM 


ALTITUDE,  M  ALTITUDE 


t i ,  ,  i:onnn  n  a i  c.i  >.  i  him.-.h  hi  i  v pi m'.i 

,  PROFILE  ,069iNM  A:L.  lOOGOOMN 

.  l  .  ,  1  1:26-  1  1:  26  ,CLT 

vM.:j.  S82KM  ,SM=20.  OOOO/KM  ,K=1. 000 


■  4tf-W:Cf  J  .3  -SoTSaltf  -  3  5  6-aa'lC‘  2  ,3  ■  ,5  3 


120 


ALTITUDE 


i  it'. .  7 . : :G8 

h  :  .FT7-P7GF  ILE  ,0694NM  Ai L.  10DG00MN 

•.  >/-i  <~>n/  i  1  .  ST- *  1  •  SP  PFT 

PM--O.BG  :km‘,sm=2o!  oooo/km  ,K=1. 000 


-3"8ai0'1  2  3  4  5  6  789lCf  2  3  4  5  S 789 IQ1  2  3  4  5  0 

.1— I— 1 — l _ ; _ I _ 1 - i — i~l  LJ.J - i - 1 - l_l _ 1  L-U.J _ L  _ 1-  .  J _ L  o 

•  ca 


F  t  q #  7  2B9 

KLETT-PROFILE  ,0694NM  ,EL. 10DG00MN 

34 1204  11:56-11:57,CET 

RM=0. 645KM ,SM=20. 0000/KM ,K=1. 000 


o 

3 


4  5  6  785^1Cf 


2  3  4  5  S 7 89 IQ1 


2  3 

I  ! 


4  5 


O 


ALTITUDE 


RD-R154  714  VISIBILITY  AND  VERTICAL  STRUCTURE  MEASUREMENTS  IN  2/2 

SOUTHERN  GERNANY(U)  FRAUNHOFER- INST  FUER 
ATMOSPHAER I SCHE  UNWELTFORSCHUNG  GRRMISCH. 

UNCLASSIFIED  R  REITER  ET  AL.  DEC  84  DAJA45-83-C-0022  F/G  4/2  NL 


MICROCOPY  RESOLUTION  TEST  CHARI 

NATIONAL  BUPIAU  or  ■>IANDAP[..>  >.<  a 


T1TUQE,  M  ALTITUDE 

120  IbO  200  O  40  BO 


mi  i  nnmirrn  ai  cnv t  iin,,.  iv:  i  y^rNS! 

KLETT-PROKILE  ,0694NM  ,EL. 10DG00MN 

841204 x  11:57-11:57  ,CET 

RM-G. 657KM  ,SM=20 . 0000/KM  ,K=1. 000 


FIG  7  271 

KLETT-PROFILE ,0694NM ,EL. 10DG00MN 

841204,  11: 58-11: 58  ,CET 

RM=0. 669KM  ,SM=20. 0000/KM  ,K=1. 000 


5  678310'*  2  3  4  5  6783lCf  2  3  4  5  678310*  2  3  4 

I  i  1 1  n _ i — i _ i _ i  wiii, _ i _ i _ i — i  n - 1 — i — i — j 


i 

-j 


ALTITUDE 


v.  « v  wy  j"'  _«  j"1.1  V" tt:  1  vr* irr^rr r:  »  j  » v  *  i  s  f  *  7 «j-  k- -.  -■•7-  *.  ^  v~> 

hi  ••uontirm  at  r.ovi  hnmi  ni  i  yttn^i* 

MG.  7.272 

kLETT-PROFILE  ,0634NM  ,EL. 10DG00MN 

84 1204  ,  12:  36-12:  36  /CET 

RM=0 . S 16KM ,SM=20. 0000/KM  ,K=1. 000 


FIG  7  273 

KLETT-PROFILE ,0694NM  ,EL. 10DG00MN 

841204,  12: 39-12: 39, CET 

RM=0. S03KM  ,SM=20. 0000/KM  ,K=1. 000 


T1TUDE,  M  ALTITUDE 


hi  iMiont irF r>  at  r.ovi  m\i:vr.  r: r  r  vnrNr»r 

FIG.  7.274 

KLETT-PROFILE  ,0694NM ,EL. 10DG00MN 

841204,  12: 40-12: 40  ,CET 

RM=0. 610KM  ,SM=20. 0000/KM  ,K=1. 000 


5  678S10-1  2  3  4  5S789.1Cf  2  3  4  5  678310 


5  6'7894o  2  3  4  5  67894(7  2  3  4  5  6789401 

SIGMA,  1/KM 


FIG  7  275 

KLETT-PROFILE  ,0694NM  ,EL. 10DG00MN 

841204,  12: 41-12: 41, CET 

RM=0. G36KM  ,SM=20. 0000/KM  ,K=1. 000 


5  678910'1  2  3  4  5  6783lCf  2  3  4  5  6789101 


ALT I TUOE ,  H  ALTITUDE 


ALTITUDE,  M  ALTITUDE 

OO  120  160  200  o  40  80 


hi  riinniirm  ai  r.ovi  unim  rvprwsr 

KLETT-PKOFILE  ,0694NM  ,EL.  10DQ00MN 

841204,  13: 06-13: 07  , GET 

RM=0. 690KM ,SM=20. 0000/KM  ,K= 1.  000 


5  678aUf  2  .3  ,4, 5G78alCf  2  ,3  ,4  5  6  783  IQ1  ,2  3  4  5 


*3  ' 
'  '  1 


4  6  789*10-'  ~2  3  iSG^lCf  2  3  4  5  6789401  2  3  4  5 

SIGMA ,  1/KM 


FIG.  7.277 

KLETT-PROFILE  ,0694NM  ,EL. 10DG00MN 

341204,  13: 07-13: 08 ,CET 

RM=Q. 690KM  ,SM=20. 0000/KM ,K=1. 000 


5  678310'1  2  3  4  5  6783lCf  2  3  4  5  67831Q1  2  3  4  5 


6789‘lCr1  2  3  4  5  8789*10*  2  3  4  5  6789'101 

SIGMA,  1/KM 


ALTITUOE,  M  ALTITUDE 


ALTITUDE,  M  ALTITUDE,  H 

00  120  160  200  0  '40  80  120  160  200 


hi  i-i.iinurm  at  covi  hnmi  n i  i  vfTNsr 


FIG.  7 . G7U 

KLETT-PROFILE  ,0694NM /EL. 10DG00MN 

841204,  13: 08-13: 08 /CET 

RM=0. 663KM  ,SM=20. 0000/KM  ,K=1. 000 


5S78alOM  2  3  4  5  6783,'iCf  2  3  .4  5.6789^10 


2  S'ik'sh&tf  2  3  4  5  S  789'IQ1  2  3  4  5 

SIGMA,  1/KM 


FIG  7  279 

KLETT-PROFILE ,0694NM ,EL. 10DG00MN 

841204,  13: 09-13: 09, CET 

RM=0. 660KM  ,SM=20. 0000/KM ,K=1. 000 


5  678310’1  2  3  4  5  6789,lCf  2  3  4  5  6788101  2  3  4  5 


6  78940-1  2  3  4  5  6  789'lCf  2  3  4  5  6789401  2  3  4  5 

SIGMA,  1/KM 


80  120  160  200  0  40  t  80 

ALTITUDE,  M  ALTITUDE 


ALT 1 TUOE  »  M  ALTITUDE,  M 

•0  iso  160  200  0  40  BO  120  160  200 


in  iMinnurrn  at  knmi  nt  f  vncN^r 
HG.  7.280 

KLETT-PROFILE  ,0694NM  ,EL. 10DG00MN 

84 1204  ,  13: 10-13: 10, CET 

RM=0 . 654KM ,SM=20. OOGQ/KM  ,K=1. 000 


FIG  7  281 

KLETT-PROFILE  ,0694NM  ,EL. 15DG00MN 

841204,  13: 12-13: 12, CET 

RM=Q. 510KM  ,SM=20. 0000/KM  ,K=1. 000 


ALT I TUOE,  M  ALTITUDE 


ALTITUDE 


i.i  PHonnnrn  at  r.uvi  hn  .  . :  i  vrr^r 


j..  T  |  ‘  ’  *  •  \  y  * 

kL  m--PKUKILE,0694NM  ,FL.  15DG00MN 

8^ 1204,  13: 15-13: 15  ,CET 

PM=0. 511KM  ,SM=20. OOOO/KM ,K=1. 000 


FIG.  7.283 

KLETT-PROFILE  /0694NM ,EL. 15DG0GMN 

841204  /  13: 18-13: 18, CET 

RM=0. 519KM rSM=20. 0000/KM  ,K=1. 000 


ALT1TUOE 


ALTITUDE,  H  ALTITUDE 


1,1  iMtnnurfn  at  r.ovi  mk-  *.:>n  rvrrNsr 

KLETT-PROFILE -0634NM  ,EL. 15DGOOMN 

(jz-ion/  14 :  0 1_  14 :  0 1  ,CET 

wm=0  ,SM=20. 0000/KM  ,K=1.  000 


FIG  7  285 

KLETT-PROFILE  ,0694NM  /EL. 15DG00MN 

841204,  14: 05-14: 05  ,CET 

RM=0. 516KM  ,SM=20. 0000/KM  ,K=1. 000 


ALT 1 TUOE  ,  M  ALTITUDE 


ALTITUDE 


m  rnontirrn  at  r>.  >vi  iim  ..  h  f  'utimsi 


Ml’..  7.28b 

kLt-'TT  -PROFILE  ,0694NM  ,EL.  15DG00MN 

8..  120-.,  12:  06- 14:  06, GET 

RM-0 . 0 17KM  ,SM=20. 0000/KM  ,K=1. 000 


FIG  7  287 

KLETT-PROFILE  ,0694NM  ,EL.  15DG00MN 

841204,  14: 07-14: 07  ,CET 

RM=0. 511KM  ,SM=20. 0000/KM  ,K=1. 000 


ALTITUDE 


ALTITUDE 


hi  i mini irrrt  At  r.nvi  unmi  kit  i  vitnii 


p  1 1'  •  ■  i  ■ \ ^ g 

KLFTT- PROFILE ,0694NM,EL. 15DG00MN 

84  1204,  14:07-14:07  , GET 

RM=0 . 499KM  ,SM=20 . 0000/KM  ,K=1. 000 


SIGMA,  1/KM 


FIG.  7.289 

KLETT-PROFILE ,0694NM ,EL. 15DG00MN 

841204,  14: 08-14: 08  ,CET 

RM=0 . 520KM  ,SM=20. 0000/KM  ,K=1. 000 


SIGMA,  1/KM 


ALTITUOE 


ALTITUDE 


^  I  W 1  W’  ■. 1  *J'  *.m  "w"1  K"*  *■”  V  -  ur.^  V*  1 1_-  H  j  ■  7  ^  4  -  V-  ;  w  ■;  v  j  *-- w  ,  «  .mt  ;  w ■ .  -  r-j  r\-  v  7  v  ;  -7 

mpuoniicrn  at  r.ovi  nniwn)  rvr»r 

in;.  7.230 

kLETT-PROFILE  ,0694NM ,EL.  15DG00MN 

841204,  14: 30-14: 30 , GET 

RM=0. 537KM ,SM=20. 0000/KM ,K=1. 000 


-IG  7  23'1 

KLETT-PROFILE  ,0694NM  ,EL. 15DG00MN 

341204,  14: 32-14: 32  ,CET 

RM=Q . 520KM ,SM=20. 0000/KM  ,K=1. 000 


ALTITUDE 


ALTITUDE 


it  MIlTO  At  CiflVrHK  tl.  IM  I  I  V|'f(\jr;[ 


k;.ETT~  ( ’l\UI  ILE  ,0694NM  ,FL.  15DG00MN 
ICO-.  ,  L..:  30-14:  33  ,CET 

RM=0.  J 13 EM  ,SM=20. 0000/ KM  ,'<  =  1. 000 


,  5  VSa  10  ’  2  3  4  5  6789,10°  2  3  4  5  6  7  83 1 0* 

4 _ l _ t-i-i _ i _ ; _ i_  »  i  till _  '  •  i  i  i  i  i  i  i 


2  3  4  5., 


—  ‘  '  '  '  1  1  '  >  'I  I  n  i  i  i  i  I  i  i  i  1  a  I  I  I  I 

2  3  4  5  6789ilCf  2  3  4  5  6789*10  2  3  4  5 

SIGMA,  1/KM 

-  :g.  -  .293 

<LE'r '’’-PROFILE  /G694NM  ,EL.  15DG00MN 

341204,  14: 33-14: 33 /CET 

RM=0. 5 11KM  ,SM=20. 0000/KM ,K=1. 000 


5  6-8310''  2  3  4  5  678310°  2  3  4  5  S7831Q1  2  3  4  5 


5  6-83T1C-  2  3  4  5  6789‘ld>  2  FTTs 

SIGMA,  1/KM 


ALTITUDE,  M  a  io  so  120 

ALTITUDE,  M 


TITUDE 


m  1'ininiirrn  at  r.uvi  hnmi  ni  t  aTNr.r 


i  a;.  7.294 

K 1  FTT- PROFILE  ,0694NM  ,EL.  15DG00MN 

cU  1204  /  15: 02- 15: 03  ,CET 

RM--0 . 463KM  ,SM=20. 0000/KM  ,K=1. 000 


cr  i  q  7  295 

KLETT-PROFILE ,0694NM  ,EL. 15DG00MN 

841204,  15: 03-15: 03, CET 

RM=0. 471KM  ,SM=20. 0000/KM  ,K=1. 000 


o  5  67831CT* 


3  4  5  S789,l(f 

J _ I _ I _ i  LLU _ 


3  4  5 

i..  .i  i 


S 


ALTITUDE 


%  - 


hi  rnont m  n  at  r.nvf  itNMf  nt  r  vrrN<r 


KG.  7 ,  COG 

kLFTT-PRQFILE ,0694NM  ,EL. 15DG00MN 

841204,  15: 04-15: 04  , GET 

RM-Q . 478KM  ,SM=20. 0000/KM  ,K= 1.000 


P 

S 


t 


FIG  7  297 

KLETT-PROFILE  ,0694NM  ,EL. 15DG00MN 

841204,  15: 05-15: 05  ,CET 

RM=0. 481KM ,SM=20. 0000/KM  ,K=1. 000 


1,1 1'Honurrn  at  nt  rvprN^r 

Kl  ETT  -PROFILE  ,0694NM  ,EL.  15DG00MN 
15: 06- 15: 06, GET 

RM=0. 481KM  ,SM=20. 0000/KM ,K=1. 000 


■'BaiO'1  2  3  4  56  78Sltf  2  3  4  5  678310*  2  3  4  5 


O  5  6  "  9a 

5  _i - ‘  '-Ll 

i 

4 

I 

^  1 


5  0  789'lCT1  2  3  4  5  67894c f  2  3  4  58789401 

SIGMA  ,  1/KM 


FIG  7  299 

KLETT-PR0FILE,0694NM,EL. 10DG00MN 

841204,  15: 35-15: 35  ,CET 

RM=0. 500KM ,SM=20. 0000/KM ,K=1.  000 


5  67aal0M  2  3  4  5S783lCf  2  3  4  5  S7831Q1 


i\  •  ■ 

l” 

UJ 

a  ! 

t- 

h 

• 

^3  - 

7 

►  V 

20 

r  • 

* .  ** 

/.*•* 

- 

W 

Cv‘ 

o 

SG^lO"1  2  3  4  b  6*7^9 

SI 

!lCf  b  JilsfeWltf  2  3  4 

GMA,  1/KM 

ALTITUDE,  M  ALTITUDE 


ALTITUDE 


"  ’  v  V  'MM". »  V1  '■  V> 

m  i  iinniirrn  at  r.nvi  hnmtnj  •  yitn  ,i 

ru,.  joo 

KLETT -PROFILE  ,0694NM  /EL.  10DG00MN 

8*.  120-./  15:  36-15:  36 /CET 

RM=Q. 592KM ,SM=20 . 0000/KM  ,K=1. 000 


FIG.  7.301 

KLETT-PROFILE  ,0634NM  /EL. 10DG00MN 

841204,  15: 38-15: 38, CET 

RM=0. 607KM  ,SM=20. 0000/KM  ,K=1. 000 


ALTITUDE 


ALT1TU0E 


ALTITUDE 


END 


FILMED 

7-85 


DTIC 


